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SUMMARY   OF  THE   PROCEEDINGS   OF  THE 
FOURTEENTH  ANNUAL  MEETING. 

Atlantic  City,  N.  J.,  June  27-JuLY  i,  1911. 


The  Fourteenth  Annual  Meeting  of  the  American 
Society  for  Testing  Materials  was  held  at  the  Hotel  Traymore, 
Atlantic  City,  N.  J.,  on  June  27-July  i,  1911.  The  total  registered 
attendance  at  the  meeting,  including  92  ladies  and  61  guests,  was 

454- 
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Trautwine,  John  C,  Jr. 
Tumeaure,  F.  E. 

Unger,  J.  S. 

United  Gas  Improvement  Company, 
W.  Herbert  Fulweiler. 

Van  Gundy,  C.  P. 
Voorhees,  S.  S. 

Waldo,  Leonard. 

Walker,  Percy  H. 

Walker,  William  H. 

Wallace,  John  T. 

Webster,  George  H. 

Webster,  William  R. 

Western  Electric  Company, 
Oscar  Linder. 

Westinghouse  Air  Brake  Company, 
H.  C.  Loudenbeck. 

Westinghouse,  Church,  Kerr  and 
Company,     C.  M.  Chapman. 

Westinghouse  Electric  and  Manu- 
facturing Company, 
C.  E.  Skinner. 

West  Virginia  University  Library, 
C.  R.  Jones. 

Wetherill,  C.  T. 

Wetherill,  Samuel. 

Weymouth,  F.  A. 

White,  Alfred  H. 

White,  G.  A. 

White,  G.  D. 

Whittemore,  H.  L. 

Wickhorst,  M.  H. 

Wig,  Rudolph  J. 

Wilhelm  Company,  The  A., 
E.  C.  Street,  Jr. 

Wilson,  Percy  H. 

Winchester  Repeating  Arms  Com- 
pany,    Rupert  L.  Penney. 

Wittman,  N.  B. 

Wood  and  Company,  R.  D., 
Walter  Wood. 

Wood,  Walter. 

Woodroffe,  G.  H. 

Worcester,  J.  R. 
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Worcester  Polytechnic  Institute,        Young,  J.  Bertram. 

.  E.  L.  Hancock. 
Wyman  and  Gordon  Company,  The,  Zehnder,  C.  H. 

G.  S.  McFarland.  Zimmerschied,  K.  W. 

Total  number,  329;  attendance,  not  including  companies, 
etc.,  whose  representatives  also  hold  membership  in  their  own 
name,  301. 


First  Session. — ^Tuesday,  June  27,  3  p.  m. 

President  Henry  M.  Howe  in  the  chair. 

The  minutes  of  the  Thirteenth  Annual  Meeting  were  approved 
as  printed. 

The  annual  report  of'the  Executive  Committee  was  adopted 
as  printed. 

In  the  absence  of  Mr,  Walter  Wood,  Chairman  of  Committee 
A-3  on  Standard  Specifications  for  Cast  Iron  and  Finished  Castings, 
the  report  of  that  Committee  was  presented  by  Secretary  Marburg. 
Mr.  Marburg  stated  that  he  had  been  authorized  by  Mr.  Wood 
to  state  that  the  Committee  desired  no  action  taken  at  this  time  on 
the  proposed  revised  Standard  Specifications  for  Locomotive  Cylin- 
ders, and  that  the  Committee  recommended  that  these  specifications 
be  printed  in  the  Proceedings  with  a  view  of  their  adoption  in  their 
present  or  modified  form  at  the  next  annual  meeting  of  the  Society. 

On  motion,  this  recommendation  of  the  Chairman  of  Commit- 
tee A-3  was  approved. 

Mr.  J.  A.  Capp,  Chairman  of  Committee  B-i  on  Standard 
Specifications  for  Hard- Drawn  Copper  Wire,  presented  the  report 
of  that  Committee  including  the  ])roj)osed  amendments  to  the  Stand- 
ard Specifications  for  Hard- Drawn  Copper  Wire. 

On  motion,  these  amendments  were  referred  to  letter  ballot 
by  the  prescribed  two-thirds  vote  of  those  voting. 

Mr.  Rudolph  Hering,  Chairman  of  Committee  C-4  on  Stand- 
ard Specifications  and  Tests  for  Clay  and  Cement  Sewer  Pipes,  pre- 
sented the  rcj)ort  of  that  Committee. 

The  tellers,  Mr.  Richard  L.  Humphrey  and  Mr.  J.  A.  Capji, 
appointed  by  the  Chair  to  canvass  the  vote  on  the  election  of  mom- 
ben  of  the  Executive  Committee,  reported  that  131  ballots  had  been 
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cast,  and  in  accordance  with  their  report  the  Chair  declared  the 
election  of  Mr.  W.  A.  Bostwick,  Mr.  Robert  W.  Hunt,  Mr.  Richard 
Moldenke  and  Mr.  William  R.  Webster  to  membership  on  the 
Executive  Committee. 

The  meeting  then  adjourned  till  8  p.  m. 


Second  Session. — Tuesday,  June  27,  8  p.  m. 

President  Henry  M.  Howe  in  the  chair. 

The  Chairman  invited  IVIr.  Robert  W,  Lesley,  Vice-President 
of  the  Society,  to  the  chair  during  the  presentation  of  the  Annual 
Presidential  Address  under  the  title  of:  "The  American  Society 
for  Testing  Materials." 

The  following  papers  were  then  read  and  discussed: 

"The  Manufacture  of  Pure  Irons  in  Open-Hearth  Furnaces." 
AUerton  S.  Cushman. 

"Measured  Strains  on  Engineering  Structures."  James  E. 
Howard. 

"A  Study  of  the  Heat  Treatment  of  Some  Low-Carbon  Nickel 
Steels."     Henry  Fay  and  John  M.  Bierer. 

"Flue-Sheet  Cinder  Formation  in  Locomotives."  Robert 
Job. 

The  meeting  then  adjourned  till  the  following  morning. 


Third  Session. — Wednesday,  June  28,  10  a.  m. 
On  Steel. 

President  Henry  M.  Howe  in  the  chair. 

In  the  absence  of  Mr.  William  R.  Webster,  Chairman  of  Com- 
mittee A- 1  on  Standard  Speciiications  for  Steel,  the  report  of  that 
Committee  was  presented  by  Mr.  A.  A.  Stevenson,  Vice-Chairman. 
Mr.  Stevenson  called  attention  to  a  typographical  error  in  the 
designation  of  the  upper  limit  of  the  carbon  content  in  the  pro- 
posed Standard  Specifications  for  Forged  and  Rolled,  Forged, 
or  Rolled  Solid  Steel  Wheels  for  Engine  Truck,  Tender  and  Pas- 
senger, Subway  and  Elevated  Railway  Service,  which  should  be 
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0.85  instead  of  0.80.     ^Ir.  Stevenson  moved  that  the  four  proposed 
specifications  appended  to  the  report  of  Committee  A-i  for: 

"Forged  and  Rolled,  Forged,  or  Rolled  Solid  Steel  Wheels 
for  Engine  Truck,  Tender  and  Passenger,  Subway  and  Elevated 
Railway  Senice;" 

"Forged  and  Rolled,  Forged,  or  Rolled  Solid  Steel  Wheels 
for  Freight  Car  Service;" 

"  Heat-Treated  Carbon  Steel  Axles,  Shafts,  and  Similar  Parts;" 

"Steel  Reinforcement  Bars;" 
be  referred  to  letter  ballot  of  the  Societ\'. 

Mr.  Charles  S.  Churchill  moved  that  the  proposed  Specifica- 
tions for  Wheels  for  Freight  Car  Senice  and  Wheels  for  Passenger 
and  Other  Ser\dce  be  referred  back  to  Committee  A- 1  for  further 
consideration.     This  motion  was  carried. 

On  motion,  the  proposed  Standard  Specifications  for  Heat- 
Treated  Carbon  Steel  .\xles.  Shafts,  and  Similar  Parts,  were 
referred  to  letter  ballot  of  the  Society. 

Mr.  Albert  Ladd  Colby  moved  that  the  paragraph  in  the  pro- 
posed Standard  Specifications  for  Steel  Reinforcement  Bars  rela- 
ting to  check  analyses  be  changed  to  the  following  form  in  order  to 
make  this  clause  consistent  with  those  in  other  standard  specifica- 
tions for  steel:  "A  check  analysis  may  be  made  by  the  purchaser 
or  his  representative  if  desired,  in  which  case  an  e.xcess  of  25  per 
cent,  above  the  required  limits  will  be  allowed." 

On  motion,  the  prof)Osed  Standard  Specifications  for  Steel 
Reinforcement  Bars  as  thus  amended  were  referred  to  letter  ballot 
of  the  Society. 

Mr.  All)crt  I^dd  Colby  called  attention  to  the  desirability  of 
substituting  the  word  "Steels"  for  "Steel"  in  the  designation  of  the 
titles  of  Sub-Committees  VIII  and  XI  in  the  rc|>ort  of  Committee 
A-x.     The  Sccrctar)'  was  instructed  to  make  that  change. 

The  President  then  invited  .Mr.  Mansfield  Morriman,  Past 
Preiident  of  the  Societ)',  to  the  chair. 

The  report  of  Committee  A-4  on  Heat  Treatment  of  Iron 
and  Steel,  was  prescnteti  by  Mr.  Hcnr>-  M.  Howe,  Chairman. 
Mr.  Robert  W.  Hunt  moved  that  this  TC\)ort  l)c  printe<l  both  in 
the  Proceedings  and  the  Year  Book  for  the  information  of  the 
Society.  Mr.  Howe  offered  an  amendment  to  this  motion  to  the 
effect  that  the  propoecd  Standard  Specifications  for  Annealing 
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Miscellaneous  Rolled  and  Forged  Carbon-Steel  Objects  be  referred 
to  letter  ballot  of  the  Society  as  "Recommended  Practice."  This 
amendment  was  carried,  as  well  as  the  original  motion  thus 
amended. 

The  following  papers  were  read  by  title: 

*'  Life  History  of  Network  and  Ferrite  Grains  in  Carbon  Steel. " 
Henry  M.  Howe. 

"The  Heat  Treatment  of  a  Steel  containing  3.15  per  cent. 
Nickel  and  0.27  per  cent.  Carbon."  William  Campbell  and 
H.  B.  Allen. 

Mr.  William  Campbell,  Chairman  of  Committee  B-2  on 
Non-Ferrous  Metals  and  Alloys,  presented  the  report  of  that 
Committee  embodying  proposed  Standard  Specifications  for: 

"Copper  Wire  Bars,  Cakes,  Slabs,  Billets,  Ingots,  and  Ingot 
Bars." 

"Spelter." 

"Manganese  Bronze  Ingots." 

On  the  recommendation  of  the  Committee,  as  voiced  by  Mr. 
Campbell,  these  three  proposed  specifications  were  referred  to 
letter  ballot  of  the  Society. 

The  following  papers  were  then  read  and  discussed : 

"A  Note  upon  the  Heat  Treatment  of  an  Acid  and  a  Basic 
Open-Hearth  Steel  of  Similar  Composition."     Henry  Fay. 

"  Studies  on  Steel  Tires."     Robert  Job  and  Milton  L.  Hersey. 

A  paper  on  "Ductility  in  Rail  Steel,"  by  Mr.  P.  H.  Dudley, 
was  read  by  title. 

The  meeting  then  adjourned  till  8  p.  m. 


Fourth  Session. — Wednesday,  June  28,  8  p.  m. 
On  Preservative  Coatings. 

President  Henry  M.  Howe  in  the  chair. 

On  behalf  of  the  Executive  Committee  the  Secretary  intro- 
duced the  following  motions: 

First :  That  in  view  of  the  Sixth  Congress  of  the  International 
Association  for  Testing  Materials,  which  will  be  held  in  this  country 
in  September,  1912,  the  next  annual  meeting  be  held  in  June,  1912, 
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and  that  it  be  limited  to  the  annual  reports  of  the  standing  tech- 
nical committees  and  administrative  business. 

Second:  That  the  Executive  Committee  be  authorized  to 
efifect  a  financial  arrangement  with  the  Council  of  the  Inter- 
national Association  by  which  every  Member  of  the  American 
Societ)'  will  receive,  without  extra  charge,  a  copy  of  the  English 
edition  of  the  Proceedings  of  the  SLxth  Congress,  and  that  e\er)' 
Junior  Member  of  the  American  Society  will  receive  a  copy  of 
these  Proceedings  on  the  extra  payment  of  $2.50. 

The  Secretar}-^  explained  that  the  American  members  of  the 
International  Association  would  by  this  arrangement  receive  also 
ad\ance  copies  of  the  Congress  Proceedings  to  which  non-members 
of  that  Association  would  not  be  entitled. 

These  motions  were  carried  by  unanimous  vote  with  the  under- 
standing that  they  will  become  effective  only  if  confirmed  by  letter 
ballot  of  the  Society  at  large. 

On  the  invitation  of  the  President,  Mr.  Allerton  S.  Cushman 
then  assumed  the  chair. 

Mr.  S.  S.  Voorhees,  Chairman  of  Committee  D-i  on  Pre- 
sen-ative  Coatings  for  Structural  Materials,  presented  the  annual 
report  of  that  Committee. 

Mr.  Cushman  then  yielded  the  chair  to  Mr.  Edgar  Marburg 
during  his  presentation  as  Chairman  of  Committee  A-5  on  the 
Corrosion  of  Iron  and  Steel,  of  the  annual  report  of  that  Com- 
mittee. 

The  following  papers  were  then  read  and  discussed : 

"Further  Results  of  the  Westinghouse,  Church,  Kerr  and 
Company  Paint  Tests."     C.  M.  Chapman. 

"The  Value  of  the  Sulphuric  Acid  Corrosion  Test."  C.  M. 
Chapman. 

"The  Marked  Influence  of  Copper  in  Iron  and  Steel  on  the 
Add  Corrosion  Test."    William  H.  Walker. 

A  paper  entitled  "The  Practical  Testing  of  Drying  and  Semi- 
Drying  Paint  Oils,"  by  Mr.  Henry  A.  (lardncr,  was  read  by  title. 

Mr.  Alexander  E.  Outerbridge,  Jr.,  presented  a  paper  on  "A 
Novel  Method  of  Detecting  ^lineral  Oil  and  Resin  Oil  in  Other 
Oils." 

The  meeting  then  adjourned  till  the  following  mommg. 


^ 


Summary  of  Proceedings.  17 

Fifth  Session.— Thursday,  June  29,  10  a.  m. 
On  Cement  and  Concrete. 

Vice-President  Robert  W.  Lesley  in  the  chair. 

A  paper  entitled  "Practical  Tests  of  Sand  and  Gravel  Pro- 
posed for  Use  in  Concrete,"  was  read  by  the  author,  Mr,  Russell 
S.  Greenman. 

A  paper  on  ''Some  Experiments  on  the  Incrustation  and 
Absorption  of  Concrete"  was,  in  the  absence  of  the  author,  Mr. 
A.  O.  Anderson,  read  by  Mr.  A.  Marston. 

The  following  papers  were,  in  the  absence  of  their  authors, 
read  by  title: 

"The  Determination  of  Stresses  in  a  Reinforced  Concrete 
Member  Subject  to  Axial  Load  and  Flexure."     S.  Ingberg. 

"The  Properties  of  Magnesium  Cement,  Mortars  and  Con- 
cretes."   C.  Derleth,  Jr.,  and  A.  C.  Alvarez. 

The  following  papers  were  then  read  and  discussed : 

"The  Expansion  and  Contraction  of  Concrete  while  Harden- 
ing."    Albert  T.  Goldbeck. 

"Destruction  of  Cement  Mortars  and  Concrete  through 
Expansion  and  Contraction."     Alfred  H.  White. 

"The  Effect  of  High-Pressure  Steam  on  the  Crushing 
Strength  of  Concrete."     Rudolph  J.  Wig. 

The  report  of  Committee  C-3  on  Standard  Specifications 
for  Paving  and  Building  Brick,  was  presented  by  Mr.  D.  E.  Douty, 
Chairman. 

A  paper  by  Messrs.  Edward  Orton,  Jr.,  and  M.  W.  Blair 
on  "A  Study  of  the  Rattler  Test  for  Paving  Brick,"  was  read  and 
discussed. 

The  meeting  then  adjourned  till  3  p.  m. 

Sixth  Session. — Thursday,  June  29,  3  p.  m. 

On  Steel. 

Mr.  Robert  W.  Hunt  in  the  chair. 

The  report  of  Committee  A- 7  on  the  Tempering  and  Testing 
of  Steel  Springs  and  Standard  Specifications  for  Spring  Steel, 
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was  read  by  Secretary  Marburg  in  the  absence  of  the  chairman  of 
the  Committee,  Mr.  Henn-  Souther. 

The  following  papers  on  Hardness  Tests  were  then  read,  and 
discussed  jointly: 

"Hardness  Tests."     Bradley  Stoughton  and  J.  S.  Macgregor. 

"A  Comparison  of  Five  Methods  of  Hardness  Measurement." 
R.  P.  De\Ties. 

"  Hardness  in  its  Relation  to  Other  Physical  Properties."  R. 
P.  De\Ties. 

"  The  Property  of  Hardness  in  Metals  and  >raterials."  Albert 
F.  Shore. 

Mr.  G.  Lanza,  Chairman  of  Committee  E-i  on  Standard 
Methods  of  Testing,  presented  the  report  of  that  Committee. 

On  motion,  the  recommendation  of  the  Committee  that  the 
proposed  Standard  Methods  for  Transverse  Tests  be  referred  to 
letter  ballot  of  the  Society  for  adoption  was  approved  by  the  pre- 
scribed two-thirds  vote  of  those  voting. 

The  meeting  then  adjourned  till  the  following  morning. 


Seventh  Session. — Friday,  June  30,  10  a.  m. 
On  Bitumens. 

President  Henry  M.  Howe  in  the  chair. 

The  report  of  Committee  D-4  on  Standard  Tests  for  Road 
Materials,  was  read  by  Mr.  Provost  Hubbard,  Secretary  of  the 
Committee.  The  recommendation  of  the  Committee  that  the 
following  methods  of  tests  be  referred  to  letter  ballot  of  the  Society 
as  "ProxTsitmal  Methods"  was  on  motion  approved: 

"Provisional  Method  for  the  Determination  of  Soluble  Bitu- 
men." 

"  Provisionul  Method  for  the  Determination  of  the  Penetration 
of  Bitumen." 

"Provisiooal  Method  for  the  Determination  of  the  Loss  on 
Heating  of  OQ  and  Aaphaltic  Compounds." 

"  ProvUooal  Method  of  Sizing  and  Separating  the  Aggregate 
in  Asphalt  Paving  Mixtures." 
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The  following  papers  were  then  read  and  discussed : 

"A  New  Consistometer  for  Use  in  Testing  Bituminous  Road 
Materials."    W.  W.  Crosby. 

"Improved  Instruments  for  the  Physical  Testing  of  Bitu- 
minous Materials."     Herbert  Abraham. 

"Apparatus  for  Determining  the  Drop  Point  and  Softening 
Point  of  Compounds."     Henry  W.  Fisher. 

A  paper  on  "  Organic  Residues  from  Soluble  Bitumen  Deter- 
minations, "  by  Messrs.  Provost  Hubbard  and  C.  S.  Reeve,  was  read 
by  title. 

A  paper  on  "The  Behavior  of  Zinc  under  Compression"  was 
read  by  the  author,  Mr.  John  C.  Trautwine,  Jr. 

The  following  papers  were  then  read  by  title : 

"  Some  Tests  on  the  Rate  of  Corrosion  of  Metals  Exposed  in 
a  Gaseous  Atmosphere."    A.  W.  Carpenter. 

"Some  Causes  of  Failures  in  Metals."     Henry  Fay. 

"  Asphalt  Cement  for  Use  in  Sheet  Asphalt  Pavement :  Physi- 
cal and  Chemical  Tests  to  Determine  Quality."     J.  W.  Howard. 

The  following  amendment  of  the  by-laws,  proposed  in  the 
annual  report  of  the  Executive  Committee,  was  on  motion  approved 
and  referred  to  letter  ballot  of  the  Society: 

Article  V. 
Strike  out  Sections  i  and  2,  viz: 

Section  i.  The  fiscal  year  shall  commence  in  19 10  on  the  first  of 
August,  and  the  dues  from  August  i,  1910,  to  December  31,  1910,  shall 
be  $5.00  for  Members  and  $2.50  for  Junior  Members. 

Sec.  2.  The  fiscal  year  after  December  31,  1910,  shall  begin  on  the 
first  of  January,  and  the  annual  dues  from  and  after  January  i,  191 1, 
shall  be  $10.00  for  Members  and  $5.00  for  Junior  Members,  payable  in 
advance. 

Substitute  the  following  new  section : 

Section  i.  The  fiscal  year  shall  commence  on  the  first  of  January. 
The  annual  dues  shall  be  $10.00  for  Members  and  $5.00  for  Junior 
Members,  payable  in  advance. 

Change  the  designation  of  existing  Sections  3,  4,  5,  6  and  7, 
to  Sections  2,  3,  4,  5  and  6,  respectively. 

The  meeting  then  adjourned  till  3  p.  m. 
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Eighth  Session. — Friday,  June  30,  3  p.  m. 
On  Testing  A  pparatus  and  Methods. 

President  Henr)-  M.  Howe  in  the  chair. 

The  report  of  Committee  A-6  on  the  ^Magnetic  Testing  of 
Iron  and  Steel,  was  presented  by  the  Chairman,  Mr.  Charles  W. 
Burrows. 

On  motion,  the  recommendation  of  the  Committee  that  the 
proposed  Standard  Magnetic  Tests  of  Iron  and  Steel  be  referred 
to  letter  ballot  of  the  Society  for  adoption,  was  approved  by  the 
prescribed  two- thirds  vote  of  those  voting. 

The  following  papers  were  then  read  and  discussed: 

"A  New  Method  of  Testing  the  Endurance  of  Case- Hardened 
Gears  and  Pinions."     J.  S.  Macgregor  and  Bradley  Stoughton. 

"New  Types  of  Impact  Testing  Machines  for  Determining 
Fragility  of  Metals."    T.  Y.  Olsen. 

"A  New  Type  of  Autographic  Transverse  Testing  Machine 
for  Research  Testing  or  Regular  Foundry  Practice."    T.  Y.  Olsen. 

"Standard  Methods  for  Testing  Sewer  Pipe  and  Drain  Tile'." 
A.  Marston. 

The  meeting  then  adjourned  till  the  following  morning. 

Ninth  Session. — Saturday,  July  i,  10  a.  m. 
Miscellaneous, 

Mr.  A.  N.  Talbot  in  the  chair. 

A  paper  on  "The  Fritz  Eftginecring  Laborator>'  of  Lehigh 
University"  was,  in  the  absence  of  the  author,  Mr.  Frank  P. 
McKibbcn,  read  by  Mr.  L.  I).  Conkling. 

A  paper  on  "A  Study  of  the  Elastic  i'ropertics  of  a  Series  of 
Iron-Carbon  Alloys,"  by  Messrs.  C.  R.  Jones  and  C.  W.  Waggoner, 
was  read  by  Mr.  Jones. 

In  the  absence  of  the  authors  the  follf>wing  papers  were  then 
read  by  title: 

"Specifications  and  Grading  Rules  for  Douglas  Fir  Timber: 
an  Anal3rsis  of  Forest  Se'^'i*''^  Tc"'t«^  on  Stnirtnr.il  Timbers." 
McGarvey  Gine. 
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"The  Brinell  Ball  Test  Applied  to  Wood."    W.  K.  Hatt. 

"Notes  on  Anti-Friction  Alloys,"     William  Campbell. 

The  following  paper  was  read  and  discussed : 

"Some  Further  Experiments  upon  the  Absorption,  Porosity, 
and  Specific  Gravity  of  Building  Brick."  D.  E.  Douty  and  L.  L. 
Beebe, 

On  behalf  of  Mr.  J.  A.  Holmes,  Chairman  of  Committee  D-5 
on  Standard  Specifications  for  Coal,  the  report  of  that  Committee 
was  read  by  Mr.  A.  W.  Belden.  This  was  followed  by  the  presen- 
tation of  a  paper  on  "Fuel  Investigations,  Bureau  of  ]Mines,"  by 
Mr.  A.  W.  Belden. 

By  permission  of  the  Chair,  Mr.  G.  L.  Fowler  introduced  a 
discussion  of  a  paper  read  at  the  preceding  meeting  on  "A  New 
Method  of  Testing  the  Endurance  of  Case-Hardened  Gears  and 
Pinions,"  by  Messrs.  J.  S.  Macgregor  and  Bradley  Stoughton. 

In  the  absence  of  the  Chairman,  Mr,  C.  E.  Skinner,  the  report 
of  a  committee  appointed  by  the  Executive  Committee  to  report 
on  the  standardization  of  form  of  the  standard  specifications  of 
the  Society  was  presented  by  Mr.  C.  W.  Burrows,  who  introduced 
the  following  motion: 

"That  the  Executive  Committee  be  requested  to  appoint 
a  Committee  whose  duty  it  shall  be  to  formulate  rules  governing 
the  form  but  not  the  substance  of  specifications." 

The  Secretar}'  announced  that  the  Executive  Committee  had 
decided  to  publish  an  index  of  Volumes  I  to  X,  inclusive,  of  the 
Proceedings. 

The  Chairman  then  declared  the  meeting  adjourned  sine  die. 
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Our  guild  has  lost  an  unusual  figure  by  the  death  of  Gustavus 
C.  Henning.  However  much  those  to  whom  you  have  entrusted 
your  administrative  work  may  have  differed  with  him  in  matters 
of  policy  and  ex|)ediency,  let  us  forget  our  differences  at  the  com- 
ing of  the  awful  messenger.  Remembering  that  his  untiring  zeal 
contributed  greatly  to  the  movement  which  led  to  the  formation  of 
this  Society,  let  us  honor  ourselves  in  honoring  him  by  rising  out 
of  respect  to  his  memor}-. 

Were  the  stor>'  of  Abou  Ben  Adhem  to  be  written  to-day  it 
would  probably  tell  us  that  the  name  which  led  all  the  rest  was 
rather  of  one  who  served  than  of  one  who  loved  his  fellow  men. 
For  to-day  is  the  day  of  the  gosi)el  of  service.  Ser\ice  is  the  fruit 
of  love,  and  that  love  which  Ixjars  no  service  is  a  barren  tree.  We 
may  even  ask  whether  such  love  deserves  its  name. 

The  justification  for  the  e.xistence  of  any  society,  indeed  the 
justification  for  the  existence  of  any  being,  is  the  service  it  renders 
to  mankind.  It  is  well  for  each  society  and  for  each  individual 
to  ask  himself  this  ((ucstion  from  time  to  time,  "  Hy  what  service 
to  mankind  am  I  justifying  my  existence,  am  I  repaying  the  debt 
which  was  laid  at  birth,  am  I  discharging  the  bond  which  was 
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forged  when  I  was  given  the  supreme  privilege  of  living  on  this 
beautiful  earth  and  in  this  wonderful  age?" 

What  then  is  our  great  service,  and  how  may  we  increase  its 
value  to  our  fellows  ?  Ours  is  a  work,  if  I  mistake  not,  akin  in  a 
way  to  lubrication  and  in  another  way  to  piloting.  We  reduce  the 
friction  of  our  fellow's  work  and  thereby  we  make  it  more  efficient, 
more  fruitful;  we  guide  it,  and  thereby  again  make  it  more  fruit- 
ful. By  improving  methods  of  testing  we  teach  the  manufacturer 
how  he  may  most  wisely  test  his  product  so  as  to  know  most  readily 
and  most  surely  that  he  is  truly  serving  the  buyer  and  through  the 
buyer  the  great  world  which  the  buyer  in  turn  serves;  that  his 
product  really  has  the  qualities  which  fit  it  for  the  service  of  the 
user.  By  this  same  step  we  enable  the  user  to  learn  most  readily 
and  surely  that  his  purchase  really  has  the  qualities  which  will 
enable  him,  by  its  use,  to  serve  the  public  efficiently. 

By  setting  up  standard  specifications  to  serve  as  standards  of 
reasonableness,  of  what  is  just  and  proper,  of  what  safeguards  the 
buyer  with  the  least  hardship  to  the  maker,  we  do  two  things. 

First,  we  teach  both  parties  what  specific  qualities  each  given 
product  needs  in  order  that  it  may  best  fit  its  use.  We  help  the 
maker  to  give  surely  and  the  buyer  to  require  firmly  those  specific 
qualities  which  will  fit  the  product  for  its  future  service,  so  that 
that  product  may  the  better  serve  that  fraction  of  mankind  which 
its  final  users  form. 

Second,  we  help  maker  and  buyer  to  agree.  We  find  them, 
human  fashion,  each  glaring  fixedly  at  that  side  of  the  gold  and 
silver  shield  which  faces  him,  one  firm  in  his  belief  that  it  is  gold, 
the  other  swearing  that  it  is  silver.  Ha\'ing  looked  the  shield  all 
over,  we  induce  each  to  take  a  peep  round  the  corner  and  see  its 
other  side.  We  do  our  share  of  the  great  work  of  the  twentieth 
century,  the  substitution  of  cooj^eration  for  combat.  By  helping 
both  parties  to  see  both  sides  of  the  question,  to  see  the  true 
needs  of  the  public  which,  in  the  end,  we  all  serve,  we  help  both 
parties  to  approach  and  at  last  to  attain  the  attitude  of  coopera- 
tion in  striving  toward  their  common  true  interest,  to  serve  that 
public  the  best. 

It  is  a  })art  of  true  service  as  of  true  love  that  it  is  never  satis- 
fied with  itself,  that  it  is  always  seeking  to  do  more  and  better. 
Of  the  many  ways  in  which  our  service  may  be  made  more  fruitful, 
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let  me  dwell  on  two,  making  firm  our  very  shaky  foundations,  and 
paving  the  way  for  international  specifications. 

The  Present  C&nditions  of  the  Foundations  of  Testing. — The 
shakiness  of  our  foundations  is  only  too  evident.  In  order  to 
determine  whether  a  gi\en  steel  is  fitted  for  a  given  use,  for  instance 
for  rails,  we  prescribe  certain  reception  tests,  the  conditions  of 
which  are  ven'  far  removed  from  the  conditions  under  which  that 
steel  is  to  do  its  work.  The  results  of  these  tests  are  not  quantita- 
tively convertible  into  terms  of  senice  usefulness.  The  irrelevancy 
is  not  so  great  as  if  we  determined  the  fitness  of  a  prima  donna  by 
taking  her  specific  gravity  or  testing  her  quickness  at  figures,  but 
it  is  regrettably  great. 

A  rail  must  needs  resist  severe  dynamic  stresses,  severe  friction 
which  tends  to  wear  away  its  upper  surface,  and  severe  peening, 
that  is  to  say,  distortion  of  the  upper  surface  by  the  pressure  of  the 
wheels;  and  it  must  continue  to  endure  these  things  even  after  the 
distortion  both  by  friction  and  by  peening  have  changed  the 
properties  of  its  upper  surface  radically. 

The  fitness  of  a  rail  for  these  conditions  may  be  determined 
either  scientifically  or  empirically,  or  by  both  means,  using  one  to 
check  the  teaching  of  the  other.  To  proceed  scientifically  we  must 
determine,  first,  the  exact  nature  of  the  stresses,  their  intensit}', 
the  mode  of  their  application,  and  the  nature,  severity,  and 
effects  both  of  friction  and  of  peening.  All  that  is  only  the  first 
step.  As  a  second  step  we  must  next  determine  quantitatively  the 
relative  power  of  different  steels  and  different  sections  to  endure 
each  of  these  several  things;  and  forecasting  thus  the  expectation 
of  life  which  corresi)onds  to  each  of  the  various  different  comj)osi- 
tions,  microstructurcs,  and  sections  considered,  we  calculate  by 
means  of  the  higher  mathematics  what  rail  is  the  cheapest,  the 
cheapest  ail  things  considered,  including  absolute  safety  within 
the  pro{X)scd  life,  interest  charges  for  relaying,  etc.  For  such  true 
scientific  or  ))hilosophicui  solution  of  the  ])r()blem  not  qualitative 
but  f|uantitative  knowledge  is  needed.  That  is  to  say,  without 
awaiting  the  slow  verdict  of  actual  service  test,  we  ought  to  have 
laboratof)'  tests  which  will  tell  us  truslworlhily  and  quantitatively 
how  any  given  contemplated  material  and  section  will  behave  in 
actual  service. 

To  state  the  case  is  to  confess  that  we  are  whollv  unable  to 
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solve  the  problem  scientifically.  Though  much  has  been  done  in 
the  way  of  measuring  the  stresses,  we  have  as  yet  little  quantitative 
knowledge  of  the  effects  of  friction  and  peening.  But  when  we 
come  to  the  second  of  the  two  steps,  the  quantitative  forecasting 
of  behavior  in  service  by  means  of  laboratory  tests,  matters  are 
much  worse.  First  we  have  most  insufficient  light  on  the  relative 
power  of  different  compositions,  microstructures,  and  sections  to 
endure  severally  the  individual  requirements  of  service;  and 
beyond  this  we  have  no  means  of  determining  that  power  except 
by  actual  service  trial.  How  little  we  know  scientifically  about  the 
properties  which  our  steel  must  have  to  endure  these  individual 
requirements  is  shown  strikingly  by  the  fact  that  our  most  learned, 
most  competent,  most  broad-minded,  and  best  informed  authorities 
have,  at  least  till  lately,  disagreed  radically  on  so  simple  and  funda- 
mental a  question  as  this,  "  Does  hardness  as  such,  or  high  ductility 
with  the  softness  with  which  it  now  seems  inseparably  united,  give 
the  better  resistance  to  abrasion?" 

I  invite  your  attention  to  our  lack  of  means  of  determinmg  by 
laboratory  test  the  power  of  materials  to  endure  the  conditions  of 
service. 

There  are  certain  properties  which  we  need  in  ser^'ice,  and 
certain  other  properties  which  we  can  determine  readily  in  our 
laboratories.  For  instance,  in  ser\'ice  we  need  resistance  to  abra- 
sion under  heavy  pressure.  This  we  cannot  determine  readily  in 
our  laboratories,  but  we  can  determine  hardness  by  indentation  and 
many  like  rapid  methods.  We  attempt  to  use  these  rapid  labora- 
tory methods  for  determining  fitness  for  service;  but  we  cannot  do 
this  quantitati\ely  because  the  results  of  the  two  are  not  convertible. 
That  one  of  two  steels  resists  indentation  or  scratching  better  than 
the  other,  or  that  it  is  harder  under  any  other  laboratory  test,  is  or 
has  till  lately  been  no  sure  sign  that  it  was  the  better  fitted  to  resist 
abrasion  in  the  track.  The  two  properties  are  not  convertible. 
Or,  if  they  are  convertible  qualitatively,  they  are  not  quantitatively; 
and  the  scientific  solution  of  such  a  problem  requires  that  the  in- 
dications of  the  laboratory  reception  test  shall  be  convertible 
quantitatively  into  terms  of  power  to  endure  the  conditions  of 
service. 

A  rail  must  endure  the  impact  of  an  enormous  load  traveling 
extremely  rapidly  horizontally,  but  falling  only  a  very  short  dis- 
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tance  vertically.  The  convenience  of  our  laboratories  does  not 
permit  us  to  reproduce  such  an  impact;  but  we  can  make  a  drop 
test,  and  we  can  determine  how  much  the  steel  will  elongate  before 
rupture  in  a  static  tensile  test.  We  say  that  the  steel  must  elongate 
— say  A'  percent. — before  rupture;  not  that  it  will  ever  have  to 
elongate  AT,  AT  h- 2  or  even  AT  ^5  per  cent,  in  ser\-ice;  indeed  it 
hardly  has  to  elongate  at  all;  not  because  the  test  is  fit,  but  because 
it  is  convenient  to  make.  From  the  power  to  endure  this  distor- 
tion without  rupture  in  a  static  tensile  test  we  infer  the  power  to 
endure  the  impact  of  the  drivers.  No  doubt  this  test  for  elongation, 
and  the  drop  test,  both  determine  properties  which  are  of  the  same 
general  family  with  the  power  to  endure  service  impact.  Consid- 
erable power  to  endure  these  laboratory  tests  argues  considerable 
power  to  endure  this  individual  requirement  of  service,  so  that  at 
first  sight  they  seem  to  be  convertible.  But  their  convertibility  is 
not  quantitive,  and  hence  not  fitted  for  a  scientific  solution  of  the 
problem,  as  the  least  reflection  shows.  Were  they  convertible 
quantitatively,  then  we  should  know  surely  how  much  elongation 
would  suflice  as  a  guarantee  that  the  rail  will  not  break  b}-  im}:)act; 
and  knowing  this,  we  should  avoid  specifying  more,  as  we  ought  to, 
for  elongation  far  in  excess  of  that  truly  needed  is  probably  harmful. 
For  instance,  howe\er  much  you  desire  an  elongation  of  20  per 
cent.,  or  whatever  other  number  appeals  to  your  judgment,  you 
would  probably  admit  that  an  elongation  of  45  per  cent,  would,  in 
a  carbon  steel,  be  accompanied  by  transverse  weakness  and  by 
undue  flow.  What  is  true  of  elongation  is  true  of  the  drop  test,  and 
I  believe  is  true  of  almost  ever)-  test  that  we  use. 

Here,  then,  is  one  matter  to  which  1  call  your  attention  earn- 
estly. Before  we  can  solve  scientifically  such  problems  as  these 
with  which  we  have  to  do — and  such  a  solution  mankind  has  a 
right  to  demand  from  our  guild  in  due  time — we  must  dc\ise 
laborator)'  tests  the  results  of  which  shall  be  convertible  into  terms 
of  power  to  endure  the  several  conditions  of  actual  service.  'I'his 
we  are  trying  to  do.  Dissatisfied  with  the  irrelevancy  of  our  static 
tensOe  test,  we  arc  tn'ing  impart  and  endurance  tests,  with  ])lain 
and  notched  bars,  and  under  divers  conditions.  The  results  are 
to  be  awaited  with  the  greatest  interest;  but  we  should  recognize 
the  great  difficulties  which  lie  In-fore  us,  and  scrutinize  very  search- 
iogly  the  credentials  of  any  new  test.     What  kind  of  surprises 
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await  us  may  be  inferred  from  the  strange  law  which  may  be 
deduced  from  late  results  reached  at  the  National  Physical  Labora- 
tory,* namely,  that,  comparing  wrought  irons  and  steels  differing 
in  carbon  content  from  0.039  to  0.645  P^'"  cent.,  and  in  yield 
point  from  32,390  to  71,460  lbs.  per  sq.  in.,  the  energy  of  impact 
of  which  100,000  applications  on  notched  bending  bars  is  needed 
to  cause  rupture,  is  almost  independent  both  of  the  carbon  content 
and  of  the  yield  point. 

If  the  fear  of  the  Lord  is  the  beginning  of  wisdom,  a  recognition 
of  the  profundity  of  our  ignorance  is  the  beginning  of  learning.  If 
the  remedy  for  the  evils  of  democracy  is  more  democracy,  the 
remedy  for  the  defects  of  science  is  more  science.  Let  us  make 
clear  how  little  we  know  in  order  that  the  enormous  value  of  the 
information  which  we  await  may  be  clear,  and  that  the  richness  of 
this  harvest  may  tempt  the  adventurous  and  the  competent  into 
our  fields. 

Tests  to  Determine  Service  Usefulness. — My  chief  purpose  in 
referring  to  these  facts,  which  are  far  more  familiar  to  most  of  you 
than  to  me,  is  to  call  attention  to  the  importance  of  the  empirical 
method  of  solving  our  problem,  and  more  particularly  to  a  difficult 
but  probably  valuable  way  of  making  our  empirical  methods  more 
instructive.  Rankine  refers,  apparently  with  approval,  to  the 
empirical  determination  of  the  pro])er  planning  of  chimneys  "by 
the  observation  of  the  success  and  failure  of  actual  chimneys,  and 
especially  of  those  which  respectively  stood  and  fell  during  the 
violent  storms  of  1856."!  However  confident  we  may  be  that  we 
shall  one  day  have  laboratory  tests,  the  results  of  which  shall  be 
directly  convertible  into  the  power  to  perform  each  of  the  several 
distinct  duties  which  a  rail,  an  eye-bar,  an  a.xle,  or  other  object  has 
to  discharge,  the  difficulties  in  the  way  are  so  great,  the  distance 
we  have  traveled  is  so  slight  compared  with  that  which  lies  beyond, 
that  for  a  very  long  time  we  must  rely  to  a  great  extent  on  empirical 
methods,  remaining  in  the  dark  as  to  why  it  is  that  such  or  such 
specific  test  is  needed  and  suffices. 


♦Stanton  and  Bairstow,  "Engineering,"  Vol.  86,  pp.  733-734,  Nov.  27,  1008.  I  do  not 
find  that  the  authors'  enunciate  this  law  in  tenns,  but  as  regards  carbon  content  it  appears 
in  the  lower  right  hand  diagram  of  their  Figure  11,  and  as  regards  yield  point  it  is  readily 
deduced  from  a  comparison  of  the  energy  plotted  in  that  diagram  with  the  yield  point  given 
in  their  Table  II. 

f'The  Pressure  of  Wind  on  Chimneys."     J.  B.  Francis,  Lowell,  1873. 
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The  method  to  which  I  wish  to  call  your  attention  is  the 
analysis  of  existing  data,  and  the  accumulation  hereafter  of  data 
available  for  analysis,  to  show  which,  among  the  various  qualities 
which  we  now  or  may  later  determine,  arc  most  truly  indicative 
of  senice  usefulness.  Take,  for  instance,  elongation  and  contrac- 
tion of  area;  there  are  those  who  pin  their  faith  on  one,  and  those 
who  swear  by  the  other,  as  the  only  true  measure  of  the  ductility 
useful  in  ser\-ice.  Again,  of  the  four  properties,  tensile  strength, 
true  elastic  limit,  proportionality  limit,  and  yield  point,  we  ought 
to  know  which  is  most  truly  indicative  of  power  to  undergo  the 
stress  of  any  given  actual  service.  Discussions  of  the  relative 
merits  of  these  properties  too  often  overlook  the  fact  that  their 
value  depends  solely  on  the  trustworthiness  of  their  indications  of 
senice  utility,  which  to-day  might  be  shown  more  conclusively 
by  an  analysis  of  existing  data  than  by  theoretical  reasoning. 

We  have,  moreover,  the  various  forms  of  endurance  and  im- 
pact tests;  and  with  moderate  trouble  and  expense  on  the  part  of 
the  great  industrial  concerns  we  could  have  enormous  accumula- 
tions of  data  as  to  microstructure,  hardness,  and  density,  a  property 
among  the  easiest  to  determine  and  among  those  most  persistently 
ignored.  My  wish  here  is  to  call  the  attention  of  investigators 
to  the  promise  of  investigations  of  this  class.  If,  for  instance,  it 
were  defmitely  known  that  the  yield  point  was  a  much  less  true 
measure  than  the  elastic  limit  of  the  value  of  a  material  for  a  given 
sefNice,  the  more  intelligent  would  prepare  to  determine  the 
elastic  limit.  If  it  were  known  that  for  a  given  service  the  indica- 
tions of  some  form  of  imjiact  test  were  more  trustworthy,  more 
relevant,  than  those  of  the  static  tensile  test,  such  more  relevant 
test  could  be  adoj)ted.  At  present  we  use  tests  which  we  know 
to  be  indeed  irrelevant,  but  we  hesitate  to  ado|)t  others  because 
we  have  no  good  ground  for  thinking  these  others  more  relevant, 
more  indicative  of  fitness.  A  conclusive  proof  that  one  test  was 
better  than  another  as  evidence  of  fitness  for  a  given  service  would 
often  l)c  of  incalculable  value.  Beyond  this,  similar  investigations 
may  show  which  of  the  indications  of  a  given  test  are  the  true  signs 
of  fitness,  as  Mr,  Job's*  analysis  of  the  microstructure  of  rails 
ibowed  that  the  fmcr-cellcd  rail  had  the  longer  life. 


*"  TiM  MtullocniphiA."  Vol.  t,  190*.  p.  177. 
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From  this  analysis  of  existing  data  too  many  shrink.  In- 
deed the  superficial  often  value  it  below  the  creation  of  new  data, 
forgetting  that  many  of  the  most  brilliant  accomplishments  of 
science  ha\'e  followed  this  path.  The  discovery  of  the  periodic 
law  called,  not  for  new  data,  but  for  the  interpretation  of  existing 
ones.  The  discovery  of  Neptune  called  in  large  part  for  the  analysis 
of  existing  data;  and  Leverrier's  glor\^  would  not  have  been  a 
whit  the  less  if  he  had  never  seen  the  planet  with  the  sensuous  eye, 
simply  indicating  to  an  assistant  where  it  lay.  It  was  not  Colum- 
bus' simple  feat  of  sailing  on  that  we  honor,  for  he  was  no  more 
determined  a  voyager  than  many  another  seaman;  but  his  con- 
ception, his  conviction  so  deep  that  it  swept  away  all  obstacles, 
that  the  easiest  way  to  the  Indies  lay  westward.  I  dwell  on  this 
because  a  defect  of  our  present  conditions  is  that  the  proportion 
of  those  who  mine  out  new  data  to  those  who  smelt  and  refine  them 
is  far  too  large. 

The  Importance  of  International  Specifications. — Turning  to 
the  subject  of  international  specifications,  let  me  first  say  that  the 
arduous  and  devoted  labors  of  the  public-spirited  men  who  have 
had  this  matter  in  charge  have  accomplished  invaluable  preliminary 
work.  In  reading  their  report  we  may  not  easily  understand  the 
amount  of  work,  of  discouraging  work  in  face  of  tremendous 
obstacles,  of  exacting  and  most  difficult  work,  that  these  self- 
sacrificing  men  have  done.  We,  their  debtors,  cannot  thank  them 
too  heartily.  Whatever  may  be  the  tangible  result  of  their  efforts, 
the  example  of  their  untiring  and  unselfish  zeal  cannot  be  lost  on  us. 

In  retiring  from  this  high  ofiice  nine  years  ago  I  urged  on  you 
the  great  importance  of  this  subject,  saying,*  ''But  we  are  firmly 
convinced  that  the  existence  of  such  standard  specifications, 
stamped  as  standards  of  reasonableness  by  a  properly  constituted 
body  such  as  we  aim  to  be,  will  greatly  facilitate  agreement  between 
buyer  and  seller,  will  helj)  them  to  come  to  terms,  to  convince  each 
other  that  this  or  that  item  specified  by  one  of  them  and  objected 
to  by  the  other  is  or  is  not  reasonable.  Reasonableness  should 
be  the  spirit  in  which  ever)'  negotiation  is  carried  on;  standards 
of  reasonableness  such  as  we  wish  to  erect  should  greatly  aid  reason- 
able men  in  deciding  what  is  reasonable.     While  we  believe  this 


*  Proceedings,  Vol.   II,  1902,  p.  18. 
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true  of  domestic  negotiations,  we  believe  that  it  applies  with  even 
greater  force  to  international  negotiations  between  buyer  and  seller 
who  have  never  seen  each  other,  who  live  under  different  conditions 
of  society,  with  different  traditions,  conceptions  and  points  of  view." 

Were  I  to  change  those  words  to-day,  it  would  be  in  the  way  of 
making  them  stronger.  Nine  years  have  only  strengthened  the 
convictions  which  I  then  expressed.  But  they  have  impressed 
me  with  the  difficulties,  the  ver}'  serious  dilBculties,  in  the  way. 
Because  the  first  step  towards  overcoming  these  is  to  understand 
them,  let  me  devote  the  rest  of  this  address  to  an  attempt  to  make 
them  clear. 

Impediments  to  the  Establishment  of  International  Specifica- 
tions.— They  may  be  divided  into  the  difficulties  of  inertia,  those 
of  friction,  and  those  of  principle.  This  division  makes  no 
pretense  to  being  logical;  it  simply  aims  to  help  bring  these 
difficulties  clearly  before  you.  The  difficulties  of  friction  and  of 
inertia  are  like  those  of  wave  and  fog  which  the  steamer  must 
needs  master;  the  difficulties  of  principle  are  like  the  hurricane 
which  the  wise  navigator  avoids. 

By  the  difficulties  of  inertia  I  refer  to  the  general  unwilling- 
ness of  men  as  a  whole  to  adopt  any  new  thing.  Some  say  "We 
are  getting  along  ver)-  well  now."  Others  have  hard  enough  work 
to  accommodate  their  ways  to  the  changes  which  a  seething  century 
forces  on  them;  the  mediocre  have  hard  enough  work  to  keep  their 
heads  above  water;  the  shiftless  and  self-indulgent  to  keep  from 
sinking  intolerably  fast;  the  few  to  whom  intelligence,  self-denial, 
and  industr)'  have  been  gi\en,  to  rise  as  much  as  their  virtues  seem 
to  warrant.  Every  change  as  a  change  is  unwcltome,  because  it 
sets  before  each  of  us  yet  another  thing  to  which  we  must  learn  to 
adjust  our  ways.  Each  fears  that  some  unforeseen  result  of  the 
change  may  work  him  harm.  Each  shrinks,  and  not  unnaturally, 
from  it. 

The  maker  of  unusually  pure  material,  whose  established 
business  and  reputation  are  an  asset  of  great  value,  fears  that  the 
erection  of  standards  may  lessen  the  value  of  these  assets  by  tend- 
ing to  steer  the  buyer  into  relying  more  on  his  own  knowledge  in 
measuring  the  extra  value  of  the  iK-tter  (juality.  But  if  he  really 
bdieves  in  him.sclf  and  his  goods,  he  should  welcome  such  standards 
at  a  measure  by  which  their  su|)eriority  may  be  the  more  readily 
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verified.  He  is  not  really  the  one  to  dread  the  letting  in  of  light, 
and  the  education  of  the  public.  The  difficulty  is  essentially  one 
of  inertia;  an  unjustified  dread  of  effects  which  he  ought  not 
to  expect  from  the  proposed  change.  His  mental  processes  do 
not  show  him  the  benefits  which  will  flow  to  him. 

The  difficulties  of  friction  consist,  in  part, of  the  real  harm  which 
will  be  done  to  individual  concerns,  manufacturers,  importers, 
brokers,  testing  engineers — yes,  gentlemen,  we  too  are  the  de- 
scendants of  the  old  Adam — and  others,  by  the  erection  of  standards 
of  reasonableness,  by  the  process  of  re-adjustment  to  changed 
conditions,  and  by  the  letting  in  of  light.  The  direct  interests  of 
these  individual  persons  and  concerns  often  seem  opposed  to  the 
general  welfare  of  mankind.  The  owner  of  the  stage-coach 
opposes  progress  when  it  calls  for  the  introduction  of  the  railroad; 
the  conveyancer  when  it  calls  for  the  creation  of  the  title  insurance 
company ;  the  usurer  when  it  calls  for  the  creation  of  banks  of  dis- 
count; and  the  owner  of  the  little  retail  store  when  it  calls  for  the 
creation  of  the  department  store.  The  railroad,  the  title  insurance 
company,  the  bank  of  discount,  and  the  department  store  all  serve 
the  community,  but  each  is  a  hardship  to  the  few  whose  usefulness 
it  stops  by  ofTering  the  community  a  greater  usefulness,  by  lessening 
the  difficulties  and  the  cost  of  travel,  of  conveyancing,  of  borrow- 
ing, and  of  shopping. 

There  are  those  who,  because  of  the  misfortunes  either  of 
their  character  or  of  their  environment,  aim  primarily  to  thrive, 
not  through  the  fitness  of  their  goods,  not  through  their  true  service, 
but  through  cheapness  reached  through  a  sacrifice  of  quality  which 
is  not  to  the  buyers'  true  interest.  There  are  those  so  placed  that 
even  with  the  best  intentions  they  cannot  afTord  to  give  the  quality 
which  their  customers'  best  interests  need.  Could  our  analysis 
pierce  deep  enough  1  cannot  doubt  that  it  would  show  that  the 
true  interest  even  of  these  is  bound  up  with  the  true  interests  of 
the  customer  and  thereby  of  the  community ;  but  the  proof  of  this 
to  most  minds  would  be  so  diflicult  that,  for  our  present  purpose, 
we  may  grant  that  the  setting  up  of  standards  of  reasonableness  is 
against  the  interest  of  these.  He  who  would  fain  profit  by  the 
buyer's  ignorance  and  prejudice,  by  the  salesman's  specious  argu- 
ment and  half  truth,  is  opposed  to  setting  up  standards  of  reason- 
ableness and  to  letting  in  light  in  general. 
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These  are  against  us.     Who,  then,  are  for  us? 

The  Supporters  of  I ntet  national  Specifications. — First,  the 
small  number  of  manufacturers  whose  character  and  environment 
permit  them  to  ser\e  the  consumers'  best  interests,  by  supplying 
the  fittest  goods;  second,  the  far  greater  number,  the  consumers 
themselves;  and  third,  the  incalculably  greater  number,  mankind 
as  a  whole,  the  public  which  we  all  serve  directly  or  indirectly,  the 
public  whose  true  interest  is  that  each  of  its  servants  shall  be  sup- 
plied with  the  fittest  goods. 

We  should  not  be  discouraged  by  the  impression  which  a 
superficial  glance  gives  us,  that  those  whose  immediate  interests 
are  against  us  are  keenly  touched  and  hence  unite  in  active  aggres- 
sive resistance,  whereas  the  enormous  mass  of  our  beneficiaries, 
each  of  whom  is  affected  but  slightly,  is  apathetic.  We  should  not 
say,  "  What  profits  it  that  millions  bless  us  if  they  will  not  lift  their 
fingers  against  the  hundreds  who  would  overvvhelm  us?"  To  say 
this  is  to  be  blind  to  the  character  of  this  centur}-,  and  to  the  qualities 
of  the  manufacturers  who  belong  on  our  side,  and  of  the  consumers. 

The  strength  of  the  manufacturers  whom,  if  we  are  fit  for  our 
task,  we  can  bring  into  alliance,  is  enormous;  the  strength  of  the 
buyers  whose  support  we  should  enlist  is  incalculable.  If  we  but 
show  ourselves  worthy  leaders  the  stars  in  their  courses  fight  on  our 


Look  at  these  manufacturers,  and  look  at  the  trend  of  this 
century  away  from  the  old  jnratical  idea  that  the  buyer  was  the 
seller's  reasonable  prey,  to  the  new  idea  that  he  is  the  seller's 
employer.  Look  at  the  growing  recognition  of  the  true  relation 
between  every  employer  and  his  employee,  the  recognition  of  the 
truth  that  it  is  not  only  the  employee's  moral  duty  but  his  true 
interest  to  scrx'c  his  employer's  true  interests,  be  that  employer  his 
patient,  his  client,  his  student,  his  customer,  his  superintendent,  his 
master,  or  the  traveler  on  his  trains.  If  we  choose  a  high  enough 
point  of  view,  and  reali/e  that  it  is  but  a  few  centuries  since  our 
savage  forefathers  were  cudgeling  each  other  to  death  on  the  shores 
of  the  North  Sea,  while  before  us  stretch  untold  millions  of  years 
in  which  the  progress  of  cinlization  will  surely  be  ever  faster  and 
faster — if  wc  take  this  point  of  view,  we  sec  that  this  movement 
from  piracy  towards  coo|>erution  has  in  a  broad  sense  only  just 
b^giUL    The  power  and  position  into  which  it  has  already  put  such 
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men  as  Charles  B.  Dudley,  John  Fritz,  Judge  Gary,  James  Douglas, 
Charles  Kirchhoff,  and  Edgar  S.  Cook,  should  show  us  the  force  of 
this  movement  even  in  this,  its  early  stage,  and  how  irresistible  it 
will  become.  There  will  be  setbacks,  as  there  are  in  every  great 
movement;  but  who  can  doubt  that  it  is  part  of  God's  movement, 
that  it  is  simply  one  phase  of  the  coming  of  His  Kingdom,  and  of 
the  irresistible  uplifting  of  mankind? 

These  are  the  manufacturers  who  should  be  with  us.  Look 
at  the  irresistible  weapons  with  which  the  century  is  arming  them. 
Enormous  capital  seeks  their,  hands  as  the  hands  of  the  fittest. 
Because  of  the  magnitude  of  their  interests,  scientific  knowledge  and 
scientific  management  come  to  them  as  surely  as  the  ball  comes  to 
the  good  tennis  player's  racket.  Who  can  suppose  that,  if  properly 
appealed  to,  they  would  remain  apathetic  ?  Look  at  the  consumers. 
Like  conditions  are  massing  enormous  aggregations  of  capital  into 
the  hands  of  the  fittest,  the  magnitude  of  whose  interests  justifies 
the  greatest  care,  the  closest  scrutiny,  and  the  employment  of  the 
best  talent  in  selecting  and  testing  their  purchases.  Let  no  man 
think  that  our  great  industrial  and  transportation  corporations, 
whose  true  interests  are  with  us,  need  remain  either  helpless  or 
apathetic,  if  we  have  the  skill  to  show  them  that  we  are  fighting 
their  fight.  The  growth  of  scientific  knowledge  and  the  spread  of 
scientific  training  have  begun  putting  into  their  hands  trained 
sj)ecialists  well  fitted  to  test  and  to  interpret  the  representations  of 
the  manufacturer,  to  see  and  to  protect  the  consumer's  true  interests 
in  a  way  inconcei\able  a  century  ago.  Universal  education  has, 
in  and  by  itself,  further  ^•astly  increased  the  available  supply  of 
the  most  efficient  servants,  by  throwing  open  every  path  of  useful- 
ness to  every  human  being  who  brings  to  this  earth  intelligence 
and  character,  be  he  born  in  the  ho\el  or  in  the  manor.  The  crea- 
tion of  these  great  and  intelligent  consumers,  to  whom  we  can 
reasonably  look  for  active  and  strong  support,  and  the  strengthen- 
ing of  their  position,  ha\'e  only  begun. 

Look  at  our  third  great  ally,  the  public.  This  same  universal 
education  is  fast  lifting  up  the  great  mass  of  mankind  from  the  old 
position  of  the  servants  of  the  well-born  and  strong,  the  recipients 
of  conditions  imposed  by  their  masters  and  of  laws  doled  out  by 
their  lawmakers,  to  the  position  of  the  watchful  masters  of  the  law- 
makers.    This  movement  has  spread  beyond  our  Ar\'an  race  till 
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to-day  no  important  unlimited  monarchy  remains  anywhere  in  the 
world.  Think  how  lately  the  first  important  modern  republic  was 
founded. 

See  how,  even  in  these  relatively  early  da}s  of  the  passage  of 
the  public  from  the  position  of  recipients  toward  that  of  masters, 
they  have  enforced  their  demands  for  purity  of  food  and  of  drugs; 
note  their  attitude  when  they  thought  that  their  demands  for  con- 
sen-ation  were  not  duly  regarded;  note  how  they  have  enforced, 
through  most  of  the  world,  their  demand  that  the  welfare  of  the 
masses  shall  be  cared  for,  whether  by  the  protection  of  the  worker 
from  needless  bodily  dangers,  or  by  the  protection  of  the  young 
and  helpless  of  either  sex  from  needless  perils  to  character,  or  by 
placing  the  risks  of  hazardous  occupations  on  those  who  organize 
them  and  profit  by  them.  This  is  the  public,  already  enlightened 
and  watchful,  and  fast  increasing  in  intelligence  and  watchfulness, 
to  which  our  appeal  lies  for  help  and  support  in  our  work  of  help- 
ing it  to  get  the  fittest  goods,  by  erecting  reasonable  standards  for 
judging  the  fitness  of  those  goods. 

As  such  manufacturers,  such  consumers,  and  such  a  public 
will  be  l>encfitcd  by  the  erection  of  international  specifications,  and 
as  they  are  therefore  our  natural  allies,  we  should  be  weak-hearted 
indeed  if  we  were  dismayed  by  the  friction  and  inertia  which  oppose 
us.  Nevertheless  the  friction  and  inertia  are  there  and  must  be 
reckoned  with. 

Jniernalional  Competition. — But  beyond  them  lie  more  serious 
difficulties  in  certain  directions,  the  i)rescnt  a])])arcnt  conflict  be- 
tween the  interests  of  certain  important  countries  as  regards  cer- 
tain products.  Again  let  me  take  the  case  of  rails.  The  ore  condi- 
tions of  Countf)'  .\  force  it  to  use  the  acid  Bessemer  j)r()ccss  for  its 
rails,  and  to  leave  0.08  jMjr  cent,  of  phosphorus  in  them;  the  ore 
conditions  of  Countr>'  B  permit  it  to  use  the  basic  Bessemer  process 
and  to  reduce  the  jjhosphorus  conlent  of  its  rails  to  0.04  i)cr  cent. 
I  use  imaginary  numbers  to  fix  our  ideas.  How  shall  these  two 
agree  ?  How  shall  Countr>'  A  be  brought  to  admit  that  its  apparent 
disadvantage  is  a  true  disadvantage,  or  Country  B  that  its  ajiparcnt 
advantage  is  illusor)*?  I  will  not  say  that  it  cannot  be  done;  but 
such  conditions  make  the  task  of  agreeing  on  international  specifi- 
cations far  harder. 

Tn  viirw  of  this  it  would  st'CMii  that  ilic  i).iih  (if  I(  .1^1  resistance 
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is  to  choose  for  the  earUest  international  specifications,  not  objects 
the  composition  of  which  is  determined  by  the  ore  conditions  of 
individual  countries,  as  that  of  rails  is;  but  rather,  objects  which 
can  readily  be  given  one  and  the  same  composition  in  all  the  great 
producing  countries. 

For  instance,  among  steel  objects,  for  the  first  trials  objects 
should  be  selected  which  are  currently  made  by  one  of  the  basic 
processes,  and  therefore  can  have  their  phosphorus  content  lowered 
to  any  desired  point  in  any  country. 

Let  us  look  now  at  some  of  the  steps  proposed  or  taken  to- 
wards the  end  of  setting  up  international  specifications. 

Preparation  of  International  Specifications. — In  order  that  a  set 
of  specifications  shall  be  international,  they  must  be  accepted  by 
the  great  nations  concerned,  and  hence  must  be  acceptable  to  those 
nations.  A  first  step  towards  the  construction  of  specifications 
which  should  thus  be  acceptable  is  to  learn  precisely  wherein  and 
how  the  dominant  specifications  of  the  several  nations  differ,  in 
order  that  methods  of  bridging  those  differences  may  be  studied. 
To  this  end  specifications  representative  of  the  practice  of  the  chief 
industrial  nations  have  been  analyzed,  and  their  elements  have 
been  set  up  in  parallel  columns,  in  order  that  their  differences  might 
be  the  more  readily  seen.  This  laborious  work  has  been  done  with 
great  care,  and  it  is  believed  with  great  skill. 

This  done,  our  choice  seems  to  lie  between  what  may  be  called 
the  direct  and  the  stamping  or  indirect  method  of  arriving  at  inter- 
national specifications. 

The  direct  method  is  to  select  as  an  entering  wedge  some  object 
the  existing  specifications  for  w'hich  differ  but  little  among  the 
different  j)roducing  nations,  and  try  to  draw  up  a  single  set  of  speci- 
fications which  shall  be  acceptable  to  all  these  nations.  Where 
the  initial  difference  is  the  least,  there  should  the  work  of  bridging 
it  be  the  least. 

The  indirect  or  stamping  plan,  as  I  understand  it,  is  first  to 
select,  as  before,  some  important  object  on  which  agreement  should 
be  most  readily  reached.  Second,  to  create  or  select  from  among 
the  several  specifications  for  that  object  in  use  in  each  of  the  great 
producing  countries,  a  single  national  specification  which  is  fairly 
representative  of  the  practice  of  that  countr}-,  and  therefore  is 
acceptable  to  it;  and  to  stamp  on  it  an  endorsement  in  the  name 
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of  the  International  Association  for  Testing  Materials,  certifying 
that  it  is  representative  of  the  export  practice  of  that  country. 
This  limitation  to  export  practice  is  made  because  the  chief  pur- 
pose of  international  specifications  is  to  facilitate  export  trade. 
Third,  after  these  several  national  specifications  shall  have  been 
in  use  long  enough  to  become  effective  standards,  to  derive  from 
them  a  single  international  specification.  I  call  this  the  indirect 
method,  because  instead  of  proceeding  straight  to  setting  up  inter- 
national specifications,  it  first  sets  up  single  national  ones,  with  the 
purpose  of  using  them  later  as  scaffolding  for  international  ones. 
Not  only  is  this  plan  attractive  in  itself,  but  it  derives  weight  from 
being  that  selected  by  those  ver)'  expert  in  the  matter,  one  of  the 
committees  in  charge.  But,  however  great  the  weight  of  their 
authority,  the  matter  is  so  vital  that  we  may  well  look  at  it  also 
from  the  point  of  view  of  those  who  criticize  it.  Their  criticism 
bears  on  the  step  of  stamping  the  endorsement  of  the  International 
Association  for  Testing  Materials  on  single  national  specifications. 
This  step  is  scaffolding  for  the  purpose  of  facilitating  the  later 
work  of  agreeing  on  international  specifications;  and  it  is  to 
facilitate  this  agreement  by  simplifying  the  conditions  under  which 
it  will  later  be  attempted.  The  ulterior  purpose  of  the  step,  then, 
is  to  facilitate;  the  immediate  purpose  is  to  simplify,  because 
simplicity  will  facilitate.  Let  us  look  at  it  then  under  these  two 
aspects,  first,  simplification;  second,  facilitation. 

To  select  from  among  the  many  co-existing  specifications  of 
each  countn.'  a  single  one,  to  stamp  it  with  approval,  to  strengthen  it 
thus  in  order  that  it  may  displace  the  other  competing  specifications 
of  that  countr)-,  and  thereby  to  lessen  the  number  of  si)ecifications 
which  will  later  have  to  be  reckoned  with  when  the  time  finally 
comes  for  agreeing  on  a  single  international  specitication  which 
is  to  rci)lace  the  several  national  ones,  is  to  simj)lify  the  environ- 
ment in  which  this  final  agreement  will  be  attempted.  It  simplifies 
the  situation  by  eliminating  most  of  the  comjjeting  specifications, 
and  bringing  to  a  minimum  the  number  of  those  which  are  later 
to  \m:  brought  into  harmony.  1  do  not  see  how  this  inference  can 
be  disputefl  "^^  huk  h  for  'iimpliricttion  \ll  ar.inl  lh;it  it  would 
result. 

Objitliom  lo  iiit  " St(imf)in}i"  J'hiii. —  But  when  we  come  to 
the  ulterior  I'Mrno^i-  of  lln-  --tfp.  f;uilit;ilion,  the  iii;itlcr  i<  far  less 
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clear.  Many  fear  that  the  step  will  not  facilitate  but  oppose  final 
agreement;  that  it  is  based  on  a  confusion  of  ideas,  pointing  out 
that  the  really  difficult  task  is  to  harmonize  not  specifications  but 
men;  that  you  cannot  strengthen  one  set  of  Nation  A's  specifica- 
tions in  such  a  manner  that  it  expels  and  excludes  the  others  of 
Nation  A  without  at  the  same  time  strengthening  it  so  that  it  will 
the  more  effccti\'ely  resist  the  later  attempt  to  displace  it  in  favor 
of  an  international  specification;  that  to  induce  each  of  the  several 
little  scattered  bands  of  Countr>'  A  to  throw  down  its  own  little 
standard  and  unite  with  the  others  about  a  single  national  standard, 
is  to  weld  them  into  a  compact  whole  which  will  fight  the  rrore 
stubbornly  and  effectively  for  that  standard,  not  only  against  the 
standards  of  Countries  B,  C  and  D,  but  against  any  standard, 
national  or  international,  less  favorable  to  their  interests. 

To  this  objection  it  may  be  replied  that  education,  the  broaden- 
ing of  the  outlook  of  those  to  whom  our  appeal  lies,  is  the  thing 
most  needed  for  the  introduction  of  international  specifications, 
and  that  the  example  of  the  good  done  by  the  adoption  of  a  single 
standard  export  specification  for  each  country  would  furnish  a 
most  powerful  argument  for  carrying  this  same  principle  one  stcj) 
farther  and  uniting  on  a  single  international  specification.  To 
which  in  return  the  objectors  may  pertinently  ask  whether  the 
benefits  which  the  United  States,  Germany,  and  Italy  have  found 
to  flow  from  the  union  of  those  whose  interests  are  close'y  akin 
into  a  single  vast  nation,  have  actually  proved  a  means  of  educating 
them  toward  taking  the  next  and  broader  step  of  welding  all  these 
several  nations  into  one  international  confederation  under  one 
constitution.  Personally  I  believe  that  they  have ;  but  we  can  well 
understand  that  others  should  hold  the  opposite  belief. 

A  second  objection,  a  much  more  serious  one,  and  one  of  a 
wholly  different  nature  is  urged  against  one  of  the  necessary 
parts  of  the  stamping  plan,  the  endorsement  by  the  International 
Association  for  Testing  ]\laterials  of  each  of  the  several  national 
specifications.  It  is  urged  that  an  endorsement,  no  matter  how 
carefully  it  is  worded  and  qualified,  is  after  all  an  endorsement,  a 
ready  means  of  misleading  importers  in  the  countries  to  which  we 
export,  especially  because  their  remoteness  hinders  their  recogniz- 
ing the  intended  limitations  of  the  endorsement.  In  order  to 
understand  the  position,  we  must  have  clearly  in  mind  the  dis- 
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tinction  between  the  several  national  specifications  first  to  be 
erected  as  scaffolding,  and  the  single  international  specification 
later  to  be  erected  on  that  scaffolding.  The  criticisms  to  which 
I  call  your  attention  touch  not  on  the  ulterior  work  of  erecting 
international  specifications  on  the  scaffolding  of  single  national 
ones,  but  the  erecting  and  endorsing  of  the  single  national  ones. 

In  order  to  gain  the  assent  of  a  given  nation  to  such  an  endorse- 
ment of  a  single  national  sjiccification  as  truly  representing  its  own 
practice  and  product  as  distinguished  from  those  of  other  countries, 
that  endorsement  must  needs  be  identical  in  wording  with  the 
endorsements  stamped  on  the  specifications  selected  as  represent- 
ing the  other  nations,  because  any  variation  in  the  wording  of  the 
endorsement  would  be  stoutly  resisted  as  discriminating  between 
these  several  countries  in  favor  of  one  or  against  another.  In 
short,  identity  of  endorsement  seems  a  necessar}'  part  of  this  stamp- 
ing plan. 

Many  believe  that  any  identical  endorsement  which  can  be 
framed  must  necessarily  be  open  to  this  objection,  that  its  identity 
must  appear  to  endorse  the  products  of  the  several  countries  as  of 
equal  merit.  That  is  the  essence  of  the  objection.  It  is  feared 
that  the  result  of  this  identical  endorsement  of  the  laxer  and  of  the 
more  stringent  specifications,  of  those  which  safeguard  the  buyer 
the  most  weakly  alongside  of  those  which  safeguard  him  the  most 
strongly,  will  be  to  give  to  the  nation  of  the  laxer  specification  an 
im|)ro|)cr  advantage,  and  to  throw  an  additional  and  im))roj)cr 
obstacle  in  the  path  of  those  whom  we  fain  would  aid,  those  who 
safq^iiard  the  buyer  the  most  thoroughly. 

The  i)rinciplc  is  that  which  underlies  (ircsham's  law,  that  the 
attempt  to  keep  in  circulation  two  currencies  of  different  intrinsic 
values  results  in  the  expulsion  of  the  dearer.  The  history  of  finance 
has  proved  the  truth  of  this  law  to  those  to  whom  it  is  not  self- 
evident. 

This  objection  to  the  plan  of  identical  endorsement  furnishes 
the  most  serious  argument  against  the  stamping  plan.  In  my 
opinion  it  must  Ik*  fully  and  fairly  nut  before  success  can  be  ex- 
pected. 1  do  not  suy  that  it  cannot  be  met.  But  it  is  not  enough 
that  you  and  I  should  \h:  convinced  that  the  wording  of  a  given 
endorsement  coul<l  not  Ik?  used  to  give  undue  suj>port  to  the  laxer 
■pecffication.    The  parties  in  interest  in  other  countries  must  be 
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convinced.  Thus  far  they  have  not  been.  If  wording  can  be 
devised  which  would,  in  the  opinion  of  these  parties,  be  free  from 
this  objection,  it  would  remove  this,  the  really  serious  obstacle  to 
the  adoption  of  the  stamping  jjlan.  The  best  way  to  show  that 
such  an  endorsement  can  be  devised  is  to  devise  it ;  and  as  one  who 
has  the  mo\'ement  very  close  to  his  heart  I  urge  on  those  who 
advocate  the  stamping  plan  to  proceed  immediately  to  remove  this 
objection  to  it  by  devising  such  an  endorsement. 

These  are  real  difficulties,  needing  our  most  serious  thought. 
Their  importance  stands  forth  and  does  not  need  the  endorsement 
of  the  high  personal  character  of  those  who  offer  them,  while  hoping 
earnestly  that  their  fears  may  be  shown  by  appeals  to  reason  to  be 
groundless,  and  that  the  difficulties  themselves  may  be  overcome. 

It  is  assumed  that  those  who  have  the  matter  in  charge,  before 
formulating  any  definite  steps  in  such  dilTicult  conditions,  requiring 
as  they  do  the  warm  cooperation  of  many  classes  in  many  lands, 
will  ascertain  that  those  steps  seem  wise  to  those  on  whose  coopera- 
tion they  must  rely. 

Whatever  course  is  chosen,  the  task,  is  going  to  be  a  very  dif- 
ficult one,  calling  for  great  patience,  tact,  breadth  of  view,  and 
constructive  statesmanship;  for  endless  missionary'  work  and  end- 
less labor  in  making  our  natural  allies  see  that  we  are  serving  their 
true  interests,  and  that  we  are  fit  for  the  task  we  have  undertaken. 
Thus  may  we  get  their  active  cooperation.  The  problem  is  not  an 
engineering  but  a  psychological  one. 

The  leaders  in  this  mo\emcnt  must  be  willing  to  devote  them- 
selves to  the  patient  labor  of  convincing  the  convincible,  and  to 
follow  not  the  path  which  their  own  preferences  may  suggest,  but 
that  which  offers  the  most  efficient  means  of  persuading  those 
whom  they  have  to  persuade.  When  they  fail  to  convince  their 
natural  allies,  it  is  well  to  assume  that  the  fault  is  either  in  their 
proposals  or  in  their  exposition  of  them.  To  question  the  good 
faith  or  intelligence  of  those  allies  is  to  close  the  only  possible 
path,  persuasion  and  diplomacy.  The  opportunity  offers  to  sen'e 
the  interests  of  mankind  in  a  ver}-  broad  way.  The  task  is  to  be 
taken  up  reverently,  with  the  consciousness  that  it  must  tax  to  the 
utmost  the  powers  even  of  the  best  equipped. 


REPORT  OF  COMMITTEE  A-i  ON  STANDARD 
SPECIFICATIONS    FOR    STEEL. 

Committee  A-i  has  held  two  meetings  during  the  past  year, 
at  which  four  proposed  standard  specifications  prepared  by  sub- 
committees were  thoroughly  discussed,  amended  and  referred  to 
letter  ballot  of  the  general  Committee.  The  proposed  standard 
specifications  referred  to  are  as  follows: 

(a)  Proposed  Standard  Specifications  for  Forged  and  Rolled, 

Forged,  or  Rolled  Solid  Steel  Wheels  for  Engine 
Truck,  Tender  and  Passenger  Subway  and  Elevated 
Railway  Senice. 

(b)  Proposed  Standard  Specifications  for  Forged  and  Rolled, 

Forged,  or  Rolled  Solid  Steel  Wheels  for  Freight  Car 
Ser\ice. 

(c)  Proposed    Standard    Specifications    for    Heat-Treated 

Carbon-Steel  Axles,  Shafts,  and  Similar  Parts. 

(d)  Proposed  Standard  Specifications  for  Steel  Reinforce- 

ment Bars. 

These  specifications  are  appended  to  this  report,  and  the  vote 
of  the  Committee  having  resulted  favorably,  they  are  now  recom- 
mended for  adoption  by  the  Society. 

For  the  better  systemati/ation  of  the  work  of  the  Committee, 
permanent  sub-committees  have  been  appointed  on  the  following 
subjects: 

Sub-Committee        I.     Hcsscmcr  Steel  Rails. 

Opcn-Hcarth  Steel  Rails. 
Steel  Girder  Rails. 
Steel  Splice  Bars. 

Sub-Committcc      II.     Structural  Steel  for  Bridges. 
Structural  Steel  for  Buildings. 
Structural  Steel  for  Ships. 

Sub-Committcc    III.    Steel  A.xlcs. 

Heat-Treated  Steel  Axles. 

(40) 


On  Standard  Specifications  for  Steel.  41 

Sub- Committee     IV.     Rolled  Steel  Wheels. 
Steel  Tires. 

Sub-Committee       V.     Steel  Forgings. 

Sub-Committee     VI.     Steel  Castings. 

Sub-Committee   VII.     Steel  Reinforcement  Bars. 

Sub-Committee  VIII.     Open-Hearth  Boiler  Plate  and  Rivet 

Steels. 

Sub-Committee     IX.     Locomotive  Materials  in  General. 
Sub-Committee       X.     Steel  Wire. 
Sub-Committee     XL     Automobile  Steels. 

For  the  proper  distribution  of  the  work  among  a  sufficient 
number  of  well-qualified  experts,  the  Committee  has  greatly  en- 
larged its  membership  by  authorization  of  the  Executive  Commit- 
tee. The  Committee  has  further  recommended  to  the  Executive 
Committee  to  consider  the  advisability  of  merging  with  Committee 
A- 1  all  other  existing  committees  whose  work  relates  partly  or 
wholly  to  specifications  for  steel  or  steel  products.  As  part  of  this 
general  plan  it  is  proposed  to  increase  the  number  of  sub-committees 
to  such  an  extent  as  may  be  found  necessar\',  but  the  work  of  these 
sub-committees  would  then  be  conducted  under  the  auspices  of  a 
single  general  committee.  This  arrangement  is  not  intended  to 
affect  the  independent  continuation  of  existing  committees  in  so  far 
as  work  not  relating  to  specifications  is  concerned.  No  action  has 
as  yet  been  taken  on  this  proposal,  which  has  only  recently  been 
transmitted  to  the  Executive  Committee. 

The  report  of  the  American  representatives  on  International 
Sub-Committee  la  on  International  Specifications  for  Steel, 
appended  to  this-  report,  was  presented  at  a  recent  meeting  of 
Committee  A-i.  It  was  decided  at  that  meeting  that  "this  report 
shall  be  embodied  in  the  annual  report  of  Committee  A-i  for  the 
information  of  the  Society." 

It  is  proposed  during  the  coming  year  to  consider  the  feasi- 
bility of  reconciling  the  differences  between  the  present  Standard 
Specifications  for  Steel  and  the  principal  specifications  of  other 
societies,  and  to  accomplish  this,  if  possible,  through  the  co- 
operation of  these  societies  with    the  proper  sub-committees  of 
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Committee  A-i.  To  facilitate  this  work,  and  as  a  matter  of  inter- 
esting information  to  the  membership  of  the  Society  at  large,  the 
Committee  has  recommended  to  the  Executive  Committee  that 
some  of  the  leading  specifications  of  other  organizations  be  here- 
after embodied  in  the  Year-Book  of  the  Society. 

Respectfully  submitted  on  behalf  of  the  Committee, 

Wm.  R.  Webster, 

CJuUrman, 
Edgar  Marburg, 

Secretary. 


Note. — ^The  Proposed  Standard  Specifications  for  Steel 
Wheels  for  (a)  Engine  and  Passenger  Service  and  (/;)  Freight 
Car  Service  were  reported  back  to  Committee  A-i  for  further 
consideration  (see  pages  55-62). 

The  Proposed  Standard  Specifications  for  Heat-Treated 
Carbon-Steel  Axles,  etc.,  and  for  Steel  Reinforcement  Bars,  were 
referred  to  letter  ballot  of  the  Society.  This  ballot,  canvassed 
on  August  21,  1911,  resulted  favorably  (see  pages  63-68). — Ed. 

[For  Discussion  of  this  report,  see  pages  69-81.] 


PROGRESS  REPORT    BY   THE  AMERICAN  MEMBERS 

OF   INTERNATIONAL    SUB-COMMITTEE    la   ON 

THE  INTRODUCTION  OF  INTERNATIONAL 

SPECIFICATIONS     FOR    STEEL. 

During  the  past  year  summaries  of  the  specifications  for  Ship 
Material  of  the  German,  English  and  American  National  Societies 
have  been  prepared  and  tabulated  in  parallel  columns,  which  will 
soon  be  published  in  French,  German  and  English.  This  is  con- 
sidered necessary  so  that  they  may  be  intelligently  compared. 
Particular  attention  is  called  to  this,  since  this  procedure  has  been 
criticised  as  useless  work  and  called  parallelism,  tending  to  fix  the 
specifications  rather  than  serving  as  a  step  toward  unification. 
Exactly  the  same  course  was  followed,  however,  in  the  early  work 
of  Committee  A-i,  by  tabulating  all  the  requirements  of  the  various 
American  specifications  on  a  single  sheet  for  each  class  of  material. 
This  greatly  facilitated  the  work  of  that  committee,  and  practical 
results  were  reached  much  sooner  than  would  have  been  possible 
by  any  other  method. 

A  description,  with  cuts,  of  the  standard  drop-testing  machine 
for  rails,  adopted  by  The  American  Railway  Engineering  Asso- 
ciation and  this  Society,  will  soon  be  published  by  The  International 
Association  in  French,  German  and  English,  and  widely  distributed. 
This  will  tend  towards  the  introduction  of  similar  standard  ma- 
chines in  other  countries,  or  it  will  at  least  serve  to  call  attention  to 
the  many  varieties  of  drop- testing  machines  in  these  countries. 
The  introduction  of  a  standard  drop- testing  machine  has  been  of 
great  benefit  to  the  manufacturers  and  consumers  of  this  country, 
and  the  adoption  of  similar  standard  machines  would  no  doubt 
be  of  like  benefit  to  other  countries.  The  seventh  London  Resolu- 
tion was  as  follows : 

"That  a  standard  drop-testing  machine  for  rails,  be 
adopted  in  each  country,  as  has  already  been  done  in  the 
United  States,  in  order  to  make  the  tests  comparative." 

(43) 
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Under  the  London  Resolutions,  which  were  approved  by  the 
Copenhagen  Congress,  we  are  instructed  that  whenever  our  specifi- 
cations were  under  consideration,  we  should  refer  to  the  English 
and  German  specifications  for  similar  materials,  and  endeavor, 
if  possible,  to  bring  ours  more  nearly  into  line.  In  many  respects 
our  specifications  are  more  complete,  and  it  seems  premature  to 
make  such  a  request  at  this  time.  For  instance,  neither  of  the 
other  specifications  contain  chemical  requirements  for  ship  ma- 
terial, and  the  Gennan  specifications  contain  no  chemical  require- 
ments for  bridge  material.  Attention  has  been  called  to  the  desira- 
bility' of  chemical  requirements  in  specifications,  and  it  has  been 
suggested  that  this  be  made  a  subject  for  discussion  by  Sub- 
Committee  la,  and  at  the  next  Congress. 

The  work  referred  to  above  is  mostly  preliminary'  to  the 
introduction  of  international  specifications.  The  instructions 
to  the  Sub-Committee  are  as  follows: 

"Committee  la  shall,  on  the  basis  of  specifications  recog- 
nized by  the  National  Testing  Associations  of  Germany, 
England  and  the  United  States  of  North  America,  endeavor 
to  establish  uniform  international  specifications  for  the 
delivery  of  material  to  countries  that  do  not  produce  iron  in  any 
considerable  quantities." 

that  is,  the  international  specifications  are  to  be  for  the  specific 
use-of  the  countries  that  do  not  manufacture  steel.  It  was  with  the 
view  of  familiarizing  the  consumers  of  such  countries  with  the 
materials  used  by  the  railroads  of  Germany,  England  and  America, 
that  the  London  Resolutions  were  passed  in  July,  1909,  recom- 
mending the  specifications  of  the  National  Testing  Societies  of 
these  countries  for  use  on  export  orders.  This  was  done  in  prefer- 
ence to  recommending  the  specifications  of  any  individual  engineer 
or  railway  comj)any  as  the  previously  mentioned  specifications 
were  in  more  general  use  and  had  been  prepared  by  committees 
on  which  both  consumers  and  manufacturers  were  represented. 

It  was  not  claimed  that  any  one  of  these  specifications  was  the 
equivalent  of  the  others,  but  it  was  thought  that  if  material  was 
manufactured  in  any  of  the  countries  under  its  own  specification 
it  would  probably  be  better  than  if  it  was  manufactured  under  the 
specifications  of  the  other  countries,  which  would  contain  require- 
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ments  with  which  the  mills  were  not  familiar.  If  this  course  is 
followed  and  the  users  of  materials  become  familiar  with  the 
requirements  and  materials  of  each  of  the  three  countries,  they 
will  soon  learn  which  is  best  suited  to  their  needs,  purchase  in  that 
country  or  ask  for  modifications  from  the  other  countries  so  as  to 
get  similar  material.  This  would  be  of  great  assistance  especially 
if  the  materials  received  from  the  three  countries  were  equally 
satisfactory,  Moreover,  it  was  suggested  that  trial  orders  be 
manufactured  under  the  specifications  of  the  other  countries  so  as 
to  familiarize  the  manufacturers  with  the  requirements  of  all  three 
countries. 

The  use  of  a  national  specification  for  each  country  for  export 
orders  has  been  criticised  as  tending  to  "fix"  such  specifications, 
and  thus  to  prevent  international  specifications.  The  recom- 
mendation of  the  first  London  Resolution  covering  this  point  has 
been  criticised  as  being  too  strong,  and  a  modification  has  been 
suggested  by  which  these  national  specifications  would  be  certified 
by  the  International  Association  as  standard  specifications  of  the 
National  Societies  for  these  countries.  In  other  quarters  objec- 
tion has  been  made  to  any  form  of  endorsement  or  certification 
whatever  of  these  national  specifications.  The  Sub- Committee 
has,  however,  received  as  yet  no  oflicial  instructions  on  these 
matters  from  its  Chairman,  nor  has  it  been  advised  as  to  what  modi- 
fications, if  any,  should  be  made  in  the  proposed  method  of  con- 
ducting   this    work. 

Until  a  national  specification  has  been  definitely  fixed  and  has 
come  into  general  use,  it  would  have  little  or  no  weight  in  arriving 
at  the  ultimate  requirements  for  an  international  specification, 
when  compared  with  national  specifications  of  other  countries 
which  are  definitely  fixed  and  in  general  use.  It  is  therefore  of  the 
utmost  importance  that  between  now  and  the  International  Con- 
gress in  191 2,  cvervthing  jjossible  should  be  done  to  harmonize  our 
specifications  with  the  leading  American  specifications,  in  order 
that  they  may  carry  the  proper  weight  at  the  Congress. 

We  can  only  expect  that  important  requirements  will  be  har- 
monized in  an  international  specification,  as  minor  requirements, 
especially  those  applying  to  methods  of  manufacture,  will  of  neces- 
sity differ  in  different  countries.  It  is  not  too  much  to  expect  that 
in  some  cases  the  national  specifications  will  be  all  that  is  required 
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since  the  engineers  in  each  countr}-  have  introduced  special  require- 
ments into  them  to  meet  their  needs,  taking  into  account  their  own 
conditions  of  manufacture.  Equally  good  ships,  bridges,  other 
structures,  and  materials  have  been  manufactured  in  each  of  the 
three  countries,  and  there  is  no  reason  why  materials  from  any 
countr}-,  manufactured  under  their  national  specifications,  should 
not  give  good  results  when  used  by  countries  that  do  not  manu- 
facture steel. 

The  summaries  of  the  specifications,  while  well  adapted  to  the 
work  of  the  Sub-Committee,  are  of  very  little  value  to  those  desiring 
to  use  the  national  specifications.  It  would  be  much  better,  there- 
fore, if  all  the  specifications  under  consideration  by  the  Sub- 
committee were  published  in  complete  form  in  French,  German, 
and  English,  in  time  for  the  Congress  in  191 2. 

The  report  of  the  Sub-Committee,  including  the  London 
Resolutions  referred  to  above,  was  printed  in  three  languages  and, 
all  the  members  having  received  copies,  was  presented  for  discus- 
sion at  the  last  Congress.  Professor  A.  Martens,  First  Vice- 
President  of  the  International  Association,  offered  the  following 
resolution  before  Section  A  of  the  Congress: 

"The  Fifth  International  Congress  welcomes  the  work  of 
Sub-Committee  la  with  pleasure  and  approves  in  general  the  prin- 
ciples laid  down  in  the  Congress  Report  VIII,  and  decides:  Com- 
mission I  is  invited  to  continue  their  valuable  labors  in  cooperation 
with  the  National  Societies,  and,  if  possible,  to  lay  before  the  Sixth 
Congress  definite  proposals  as  to  the  basis  of  International  Speci- 
fications for  Iron  and  Steel." 

As  before  reported,  The  International  Railway  Congress  at 
Berne  last  year  passed  the  following  resolutions,  showing  the  great 
interest  that  is  taken  in  the  work  of  Sub-Committee  la: 

1.  The  Congreas  express  the  wbh  to  have  reported  at  the  next 
Congreia,  with  the  collaboration  of  steel  manufacturers,  on  the  state  and 
progreie  of  the  work  of  The  International  Asaodation  for  Testing  Materials 
dealing  with  the  companion  of  the  ipcdfications  for  iron  and  steel. 

a.  The  Congress  further  resolved  in  connection  ^ith  the  conclusions 
on  the  question  of  steel  and  special  steel,  that  it  is  desirable  to  take  into 
consideration  the  specifications  drawn  up  by  The  International  Associa- 
tion (or  Testing  Materials  for  the  inspection  of  steel  materials." 
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This  puts  before  members  of  Committee  A-i  everything  of 
importance  that  has  taken  place  since  the  Congress.  While  Sub- 
Committee  la  is  a  sub-committee  of  an  International  Committee, 
that  Committee  has  been  instructed  to  consider  the  specifications 
prepared  by  Committee  A-i.  This  report  is  therefore  presented  to 
Committee  A-i  at  this  time  for  discussion,  in  order  to  obtain  the 
views  of  that  committee  for  our  future  guidance. 

Respectfully  submitted, 

w.  a.  bostwick, 
Wm.  R.  Webster, 
American  Members  oj  International  Sub-Committee  la. 


SUPPLEMENTAL   REPORT  BY  THE  AMERICAN 

MEMBERS  OF  INTERNATIONAL  SUB-COM^IITTEE 

la  ON  INTERNATIONAL  STEEL  SPECIFICATIONS 

AND  ON  THE  WORK  OF  THAT 

SUB-COMMITTEE.* 

The  report  of  International  Sub-Committee  la  was  made 
a  prominent  feature  of  the  proceedings  at  the  Copenhagen 
Congress  held  in  1909,  inasmuch  as  this  report  recommended 
what  was  virtually  a  new  departure  of  great  significance  and 
far-reaching  importance  in  the  policy  of  the  International 
Association.  The  recommendations  in  this  report  were  formally 
approved  in  principle  at  the  Congress  and  the  Sub-Committee 
was  requested  to  continue  its  "valuable  labors  in  co-operation 
with  the  National  Societies,  and  if  possible  to  lay  before  the 
Sixth  Congress  definite  proposals  as  to  the  basis  of  Interna- 
tional Sp>ecilications  for  Iron  and  Steel."  A  full  account  of 
this  subject  is  contained  in  the  report  of  Committee  A-i 
on  Standard  Specifications  for  Steel,  presented  at  the  Thir- 
teenth Annual  Meeting  of  the  American  Society  for  Testing 
Materials,  f 

"Committee  la  shall,  on  the  basis  of  specifications  recognized  by  the 
NatioDol  Testing  Associations  of  Germany,  England,  and  the  United  States 
ct  North  America,  endeavor  to  establish  uniform  international  specifications 
for  the  delivery  of  materials  to  countries  that  do  not  produce  iron  in  any 
cooadcrablr  quantities." 

h  »\.i'.  decided  to  conMiin  iv»r  each  class  of  material  only  one 
standard  S|K'cilication  from  each  country,  prepared  by  rcpre- 
fentativcs  of  the  manufacturing  interests  and  an  equal  number 


*Thla  f«pO(t  «M  nMirad  from  iu  autbon  on  October  |6.  and  i*  printed  at  thoir  requeat 
to  order  to  (Ivo  tha  immbi  vt  ttw  Society  Infomution  m  to  the  development*  in  this  fleld 
•too*  Um  Uat  Munul  OMoUnfl.  And  the  racoot  recoouiMndation*  ot  the  American  memliera  ol 
Ito  latoraaUoMt  tHb^CommittM  la.— Ko. 

jfroutitrnm.  Vflt  X.  1910.  pp.  14-ao. 
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of  representatives  from  the  railroad  companies  or  of  consumers' 
interests.     The  specifications  decided  on  were  as  follows: 

German  specifications  recognized  by  the  Deutscher  Verband 
fiir  die  Materialprtifungen  der  Technik. 

English  specifications  published  by  the  Engineering  Stand- 
ards Committee,  London. 

American  specifications  adopted  by  the  American  Society 
for  Testing  Materials. 

Since  the  Copenhagen  Congress  the  plan  proposed  by  Sub- 
Committee  la  has  received  much  attention  in  interested  circles, 
both  in  this  country  and  abroad.  Nevertheless,  it  appears  that 
the  real  meaning  and  purpose  of  the  plan  is  not  yet  fully  under- 
stood, as  evidenced,  for  example,  by  recent  inquiries  on  the  part 
of  two  prominent  members  of  the  Association,  who  were  present 
at  the  Congress  and  participated  in  the  discussion  of  the  subject 
at  that  time.  One  of  these,  a  prominent  steel  manufacturer 
of  Belgium,  asked  what  modifications  would  be  required  in  the 
specifications  of  that  country  for  home  orders,  in  order  that  they 
might  agree  with  the  proposed  international  specifications. 
He  was  very  much  reUeved  to  learn  that  there  was  no  thought 
of  changing  the  requirements  of  the  specifications  of  any  country 
for  home  orders,  the  idea  being  merely  to  simpUfy  the  specifica- 
tion for  export  orders,  the  individual  countries  being  left  entirely 
free  in  their  own  internal  matters.  The  other  asked,  "Why 
does  the  International  Association  for  Testing  Materials  want 
international  specifications?"  The  reply  was,  "To  increase 
international  commerce  on  lines  fair  to  all  parties  concerned, 
and  to  enable  engineers  to  purchase  materials  on  specifications 
that  are  consistent  with  the  best  practice  to-day."  He  replied, 
"This  opens  up  very  important  commercial  questions  that  should 
be  referred  to  the  steel  manufacturers."  We  thoroughly  agree 
with  this  and  steps  have  been  taken  to  obtain  the  views  of  the 
English,  German,  Belgium,  French  and  American  steel  manu- 
facturers for  the  information  of  the  Sub-Committee  and  the 
Association.  It  seems  desirable,  therefore,  that  a  brief  report 
of  progress  should  be  made  to  our  members,  both  with  a  view 
of  giving  them  a  general  idea  of  present  conditions,  and  of  enlist- 
ing their  active  cooperation.      The  time  has  passed  when  any 
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specification  or  set  of  specifications  with  clauses  calling  for  low 
phosphorus  requirements  based  on  favorable  ore  conditions, 
would  tend  to  confine  orders  to  any  one  locality  or  country, 
inasmuch  as  the  basic  and  duplex  processes  have  equalized  mat- 
ters in  this  respect  so  that  there  is  now  no  commercial  advan- 
tage to  be  gained  by  insisting  on  specifications  of  this  kind. 
Such  matters  can  now  be  settled  by  the  Committee  on  their 
intrinsic  merits,  without  reference  to  their  commercial  bearing. 
The  summaries  of  the  specifications  printed  in  the  Proceed- 
ings of  the  Copenhagen  Congress  in  French,  German  and  English, 
have  been  very  helpful  to  the  Sub-Committee  in  the  conduct  of 
its  work,  but  these  summaries  are  of  Httle  or  no  value  to  an 
engineer  who  may  desire  to  purchase  rails  or  other  materials,  for 
he  must  have  the  specifications  printed  in  full  in  his  own  language 
before  he  can  decide  intelligently  upon  their  adoption.  We 
therefore  recommend  that  all  of  these  tabulated  specifications  be 
printed  in  full  in  French,  German,  English  and  Spanish  for  the 
inforijiation  of  our  members,  and  of  the  members  of  the  Inter- 
national Railway  Congress  Association  in  view  of  the  following 
resolutions  which  were  passed  at  the  International  Railway  Con- 
gress at  Berne  last  year,  showing  the  great  interest  that  is  taken 
in  the  work  of  Sub-Committee  la: 

1.  The  Congress  express  the  wish  to  have  reported  at  the 
next  Congress,  with  the  collaboration  of  steel  manu- 
facturers, on  the  state  and  progress  of  the  work  of 
the  International  Association  for  Testing  Materials 
dealing  with  the  comparison  of  the  specifications  for 
iron  and  steel. 

a.  The  Congress  further  resolve,  in  connection  with  the 
conclusions  on  the  question  of  steel  and  special  steel, 
that  it  is  desirable  to  take  into  consideration  the  speci- 
fications drawn  up  by  the  International  Association 
for  Testing  Materials  for  the  inspection  of  steel 
materials. 

The  Association  in  each  country  should  attend  to  and  pay 
for  the  translation,  printing  and  distribution  of  its  own  speci- 
ficatioDf. 

It  is  believed  that  real  progress  will  be  best  insured  by 
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concentrating  efforts  on  the  following  specifications  which  have 
already  been  summarized  in  parallel  columns,  and  that  it  would 
be  unwise  to  attempt  to  cover  a  wider  field  at  the  present  time. 
The  specifications  referred  to  include  the  following  products: 

Structural  Steel  for  Ships. — We  would  propose  that  the 
British  Engineering  Standards  Committee's  specifications  for 
Structural  Steel  for  Ship  Building  be  adopted  as  international 
specifications.  These  specifications  are  the  same  as  Lloyds 
specifications  which  are  widely  used.*  We  believe,  however, 
that  chemical  requirements  should  be  added  and  we  would 
propose  the  adoption  of  the  chemical  requirements  of  the 
specifications  of  the  American  Society  for  Testing  Materials  for 
Structural  Steel  for  Ships.  It  is  not  considered  necessary  at 
this  date  to  enter  upon  an  extended  argument  on  the  desir- 
ability of  chemical  requirements  for  an  important  material 
like  ship  steel,  and  it  is  to  be  expected  that  the  above  recom- 
mendations will  be  complied  with. 

Structural  Steel  for  Bridges. — We  also  recommend  that  the 
specifications  of  the  American  Society  for  Testing  Materials  for 
Structural  Steel  for  Bridges  shall  be  adopted  as  international 
specifications.  These  specifications  are  practically  the  same  as 
those  of  the  American  Railway  Engineering  Association,  an 
organization  of  about  one  thousand  members,  afl51iated  with  and 
operating  under  instructions,  with  regard  to  rail  tests,  rail  speci- 
fications, etc.,  from  the  Committee  on  Maintenance  of  the 
American  Railway  Association  representing  over  260,000  miles  of 
road.  The  latter  is,  in  turn,  affiHated  with  the  International 
Railway  Congress  Association  whose  membership  embraces  all 
the  leading  railways  of  the  world.  This  is  an  important  consider- 
ation, since  the  railways  are  the  chief  users  of  specifications  for 
bridge  materials. 


•  The  Engineering  Standards  Committee  in  Report  No.  13,  revised  in  September,  1910. 
prescribes  the  following  requirements  for  structural  steel  for  ship  building,  which  are  exactly 
the  same  as  those  of  Lloyds  Registry,  as  given  in  July,  1909: 

Plates:  ultimate  strength.  28  to  32  tons=  62.720  to  71.680  lbs.  per  sq.  in. 

Plates,  for  cold  flanging:  ultimate  strength.  26  to  30  tons=  58,240  to  67.300  lbs.  per  sq.  in. 

Plates.  I  in.  thick  and  over:  elongation.  20  per  cent,  in  8  ins. 

Plates,  under  |  in.:  elongation.  16  ijer  cent,  in  8  ins. 

Shapes:  ultimate  strei>gth,  38  to  33  tons=> 63,720  to  73,930  lbs.  per  sq.  in.;  elongation, 
tame  as  for  plates. 
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Structural  Steel  for  Buildings. — We  further  recommend  for 
adoption,  the  specifications  of  the  American  Society  for  Testing 
Materials  for  Structural  Steel  for  Buildings.  These  are  in  many 
respects  the  same  as  the  specifications  for  Structural  Steel  for 
Bridges,  but  permit  the  use  of  Bessemer  steel  and  a  higher  phos- 
phorus limit. 

Steel  Rails  and  Splice  Bars. — In  the  matter  of  jail  and  splice 
bar  specifications,  it  would  be  premature  to  recommend  any 
international  specifications  and  it  is  doubtful  if  a  single  specifica- 
tion can  be  recommended  owing  to  the  different  methods  of 
manufacture  and  the  different  requirements  of  the  railroads.  It 
is  therefore  recommended  that  a  discussion  of  rail  specifications 
be  made  a  matter  of  business  at  the  next  Congress  and  that  a 
full  session  be  devoted  to  this  subject. 

It  is  further  recommended  that  until  one  or  more  inter- 
national specifications  for  rails  and  splice  bars  are  adopted, 
all  those  interested  in  the  subject  of  rails  should  request  the  manu- 
facturers of  the  different  countries  to  work  to  the  specifications 
of  the  National  Societies  of  England,  Germany  and  America 
indiscriminately,  according  to  the  individual  preference  of  the 
engineer,  as  they  are  called  upon  by  the  purchasers  of  rails.  This 
will  give  valuable  information  to  the  committees  on  the  require- 
ments of  these  different  specifications,  and  is  in  accordance  with 
the  course  outlined  in  one  of  the  recommendations  in  the  report 
of  Sub-Committee  la  at  the  Copenhagen  Congress.  This 
recommendation  is  as  follows: 

"The  Sub-Committee  recommends  the  Commission  to  confer  with  the 
three  Associations  referred  to  above  and  keep  them  advised  of  the  progress 
made,  or  suggestions  offered,  on  modifications  to  bring  the  specifications  more 
into  line;  that  they  also  confer  with  the  manufacturers  direct,  or  through 
the  Association,  to  induce  them  to  roll  trial  orders  of  material  under  the  con- 
ditions of  the  specifications  of  other  countries,  in  order  to  find  out  how  far 
these  conditions  can  be  introduced  for  export  orders." 

We  further  recommend  that  a  two  days  meeting  of  the 
Sub-Committee  be  held  in  England  in  May,  191 2,  immediately 
following  the  meeting  of  the  Iron  and  Steel  Institute,  and  that 
one  lession  be  conducted  as  a  joint  meeting  with  the  members  of 
the  Standards  Committee  and  other  engineer;*  or  manufacturers, 
interested  in  the  subject,  who  may  be  invited  to  attend. 
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To  this  report  is  added  a  list  of  subjects  which  we  think 
should  be  discussed  in  connection  with  rail  specifications.  We 
would  ask  that  additions  to  this  list  be  made  by  the  other 
members  of  the  Committee. 

Should  this  general  plan  meet  with  the  approval  of  the 
Chairman  and  members  of  Sub-Committee  la,  we  would  ask 
that  a  bulletin  be  issued  this  fall  giving  information  to  all  of  our 
members  as  to  the  course  that  the  Sub- Committee  proposes  to 
follow,  with  a  view  of  creating  more  general  interest  in  the 
subject,  and  securing  cooperation  in  the  widest  possible  circles. 

As  closely  related  to  the  foregoing  we  desire  to  direct  atten- 
tion to  the  great  field  of  usefulness  open  to  the  International 
Association  if  it  would  concern  itself  not  only  with  the  establish- 
ment of  international  specifications  for  materials,  but  also 
with  international  standards  affecting  the  form  and  size  of 
important  articles  of  manufacture.  It  is  interesting  to  recall 
in  that  connection  that  the  British  Engineering  Standards  Com- 
mittee was  originally  created  to  bring  about  the  latter  form  of 
standardization  rather  than  the  standardization  of  materials. 
As  the  work  of  that  committee  progressed  it  was  recognized, 
however,  that  the  two  questions  were,  to  a  large  degree,  insepara- 
ble, and  the  efforts  of  the  Engineering  Standards  Committee,  as 
now  directed,  include  the  standardization  of  materials  as  well  as 
standardization  of  shape  and  form.  It  is  to  be  hoped  that  the 
American  Society  for  Testing  Materials,  which  has  thus  far  limited 
its  activity  mainly  to  the  standardization  of  specifications  and 
methods  of  tests,  will  also  give  attention  in  increasing  measure 
to  the  standardization  of  shape;  and  that  the  influence  of  the 
International  Association  will  make  itself  felt  along  these  broad 
and  inclusive  lines,  with  a  view  to  the  ultimate  establishment  of 
International  standards. 

Respectfully  submitted, 

w.  a.  bostwick, 
Wm.  R.  Webster, 

American  Members  of  International  Sub-Committee  la. 
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Subjects  for  Discussion  of  Rail  Specifications. 

1.  General  points  of  difference  in  the  three  specifications  under 

consideration. 

2.  \Miat  general  conditions  can  be  embodied  in  a  specification 

irrespective  of  methods  of  manufacture: 
(a)  Physical  tests; 
{h)  Chemical  requirements. 

3.  How  should  the  above  requirements  be  modified  for 

{a)  Basic  Bessemer  rails; 
{b)  Acid  Bessemer  rails; 
{c)  Basic  Open-Hearth  rails; 
{d)  Acid  Open-Hearth  rails; 
(c)  Duplex  Process  rails. 

4.  Should  tension  tests  be  required,  and  if  so  what  limits  in 

tensile  strength  and  what  elongation  should  be  specified. 

5.  Dead  load  tests  for  different  weights  and  sections  of  rails. 

6.  Height  of  drop  for  different  weights  and  sections  of  rails  in 

connection  with  carbon  content  and  ultimate  strength 
sp)ecified. 

7.  Discuss  with  6,  the  variations  in  requirements  in  present 

specifications: 

(a)  Weight  of  tup  (2,000  lbs.  and  2,400  lbs.). 

(6)  Distance  between  supports  (3  ft.,  3  ft.  6  ins.,  4  ft.). 

(c)  Length  of  rails  tested  (6  ft.  and  30  ft.). 

8.  The  standard  drop  testing  machine  in  general  use  in  the 

United  States  of  America,  adopted  by  The  American 
Society  for  Testing  Materials,  and  American  Railway 
Engineering  Association.  A  description  of  this  machine 
has  been  published  in  Vol.  H,  No.  4,  of  the  Proceedings 
of  the  International  Association  for  Testing  Materials, 
issued  May  20,  191 1.  A  full  description  of  the  machines 
and  details  of  tests  in  use  in  other  countries,  is  asked  in 
order  that  wc  may  arrive  at  a  tiiorough  understanding  of 
the  conditions  under  which  tests  are  made,  in  order  to 
decide  on  a  standard  re(|uirement,  or  whether  to  make 
allowances,  taking  into  account  the  varying  conditions 
under  which  such  tests  arc  made. 
Could  not  comparative  tests  be  made  between  now  and  the 
CoQgreM,  to  decide  some  of  the  above  points? 


AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,  PA.,  U.  S.  A. 

AFFILIATED    WITH    THE 

International  Association  for  Testing  Materials. 


PROPOSED  STANDARD  SPECIFICATIONS  FOR  FORGED 

AND  ROLLED,  FORGED,  OR  ROLLED  SOLID  STEEL 

WHEELS  FOR  ENGINE  TRUCK,  TENDER  AND 

PASSENGER,  SUBWAY  AND  ELEVATED 

RAILWAY  SERVICE.* 

1.  Steel  for  wheels  shall  be  made  by  the  open-hearth  process.  Process. 

2.  The  ingots  from  which  the  blanks  are  made  must  have  Discard. 
sufficient  discard    to   insure   freedom   from   injurious    pipe    and 
segregation. 

3.  The  steel  for  wheels  shall  conform  to  the  following  limits  in  Chemical 

,         .1  •,•  Composition. 

chemical  composition: 

Carbon o .  60  to  o .  85  per  cent. 

Manganese 0.50  "  o .  80 

Silicon Not  to  exceed  0.35      "     " 

Phosphorus "       "     "         0.06 

Sulphur "       "     "         0.06 

4.  Drillings  from  small  test  ingot  cast  with  the  heat  shall  be  Sample  for 
taken  to  determine  whether  the  heat  is  within  the  limits  of  chemical  An^sis. 
composition  specified  in  Paragraph  3.     For  check  analysis  the 
purchaser  has  the  right  to  take  drillings  from  any  two  points  in  the 

*  The  specifications  were  referred  back  to  Committee  A- 1  for  further  consideration.— En. 
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PROPOSED  Specifications  for  Steel  Wheels 
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plate  on  radii  at  right  angles  to  each  other  of  any  one  wheel  from 
each  heat,  but  not  at  any  point  where  the  usefulness  of  the  wheel 
will  be  impaired ;  drillings  to  be  clean  and  free  from  scale,  oil  and 
dirt ;  and  this  check  analysis  may,  at  the  option  of  the  purchaser, 
be  made  from  mixed  drillings  taken  entirely  through  the  plate  at 
the  two  points. 

5.  When  required,  the  purchaser  or  his  representative  is  to 
be  furnished  an  analysis  of  each  heat  from  which  rolled  wheels  are 
made,  such  analysis  to  cover  elements  specified  in  Paragraph  3. 

6.  All  wheels  must  be  free  from  injurious  seams,  cracks, 
laminations  or  other  imperfections  detrimental  to  strength  or 
service. 

7.  Wheels  shall  be  furnished  rough  bored  and  with  hubs 
faced.  They  may  be  furnished  with  contours  as  rolled  and  with- 
out additional  machine  work,  provided  they  conform  to  the  dimen- 
sions sp)ecified  within  the  following  tolerances: 

(a)  Height  of  Flange. — The  height  of  flange  shall  not  vary 

more  than  jV  in.  over  nor  more  than  -sj  in.  under  that 
specified. 

(b)  Thickness  of  Flange. — The  thickness  of  flange  shall  not 

vary  more  than  tV  in.  over  or  under  that  specified. 

(c)  Throat  Radius. — The  radius  of  the  throat  shall  not  vary 

more  than  iV  in.  over  or  under  that  specified. 

(d)  Thickness  of  Kim. — The  rim  may  vary  in  thickness, 

but  the  variation  less  than  the  specified  thickness  shall 
not  exceed  I'ff  in.  The  thickness  of  rim  shall  be 
measured  at  the  center  line  of  tread. 

(«)  Width  of  Kim. — The  width  of  rim  shall  not  vary  more 
than  I  in.  over  or  under  that  specified. 

(J)  Thickness  of  Plate. — The  plate  may.  vary  in  thickness, 
but  the  variation  less  than  the  si)ccified  thickness  shall 
not  exceed  iV  in.  for  each  |  in.  in  the  thickness  of  the 
plate. 

(g)  Limit  Groove. — Where  limit  groove  is  called  for,  the 
location  of  the  center  of  limit  of  wear  groove  shall  not 
vary  more  than  A  in.  from  that  specified  and  its  dis- 
tance from  the  inner  edge  of  the  rim  at  the  thinnest 
point  shall  not  be  less  than  i^  in. 
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(h)  Diameter  of  Bore. — The  diameter  of  rough  bore  shall 
not  be  more  than  tV  in.  greater  nor  more  than  \  in. 
less  than  specified.  When  not  specified  the  rough 
bore  shall  be  \  in.  less  in  diameter  than  the  finished 
bore,  subject  to  the  above  limitations. 

(i)  Hub  Diameter. — The  hub  diameter  may  vary,  but  the 
thickness  of  the  wall  of  the  finished  bored  hub  shall 
not  be  less  than  ij  ins.  at  any  point  unless  otherwise 
specified,  and  shall  not  vary  more  than  f  in.  at  any 
two  points  on  the  same  wheel. 

(j)  Hub  Length. — The  length  of  hub  shall  not  vary  more 
than  I  in.  over  or  under  that  specified. 

(^-i)  Depression  of  Hub. — For  passenger  truck  wheels  and 
wheels  of  similar  design,  the  depression  of  hub  from 
front  face  of  rim  shall  not  be  less  but  may  be  J  in. 
more  than  that  specified. 

(^-2)  Projection  of  Hub. — For  engine  truck  wheels  and  wheels 
of  similar  design  the  projection  of  hub  from  back  face 
of  rim  shall  not  be  less  but  may  be  |  in.  more  than  that 
specified. 

(^-3)  Depression  and  Projection  of  Hub. — For  subway  and 
elevated  railway  motor  wheels  the  depression  of  hub 
from  front  face  of  rim  shall  not  be  less  but  may  be 
J  in.  more  than  that  specified.  The  projection  of  hub 
from  back  face  of  rim  shall  not  be  more  than  -j  j  in. 
over  nor  more  than  tV  in.  under  that  specified. 

(/)  Black  Spots  in  Hub. — Black  spots  in  the  rough  bore  shall 
not  be  longer  than  2  ins.  nor  deeper  than  |  in.  Black 
spots  longer  than  2  ins.  or  deeper  than  tV  in.  will  not 
be  permitted  in  rough  bore  within  2  ins.  of  either 
face. 

(m)  Eccentricity  of  Bore. — The  eccentricity  between  the  tread 
at  its  center  line  and  the  rough  bore  shall  not  exceed 
tV  in. 

(«)  Block  Marks  on  Tread. — The  maximum  height  of 
block  marks  must  not  be  greater  than  tj  in. 

(o)  Rotundity. — All  wheels  shall  be  gauged  with  a  ring 
gauge,  and  the  opening  between  the  ring  gauge  and 
tread  at  any  one  point  shall  not  exceed  -jV  in. 
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(/>)  Plane. — Wheels  shall  be  gauged  with  a  ring  gauge 
placed  concentric  with  and  perpendicular  to  the  axis 
of  the  wheel.  All  points  on  the  back  of  the  rim 
equidistant  from  the  center  shall  be  within  a  variation 
of  tV  in.  from  the  plane  of  the  gauge  when  so  placed. 

(q)  Tape  Sizes. — Wheels  shall  not  vary  more  than  five 
tapes  under  nor  nine  tapes  over  the  size  called  for 
by  the  drawing. 

(r)  Mating. — All  wheels  shall  be  measured  with  a  tape  based 
on  the  standard  M.  C.  B.  tape,  with  tape  divisions 
J  in.  apart.  The  tape  numbers  shall  be  stenciled 
in  plain  letters  on  each  wheel.  Wheels  must  be 
mated  to  tape  sizes  and  shipped  in  pairs.  A  varia- 
tion of  one  tape  will  be  allowed  in  the  same  pair. 

Branding  8.  W^heels  shall  be  stamped  with  the  maker's  brand  and 

number  in  such  a  way  that  each  wheel  may  be  readily  identified. 

Inspection.  9.  The  inspector  representing  the  purchaser  shall  have  free 

entry  to  the  works  of  the  manufacturer  at  all  times  while  his  con- 
tract is  being  executed.  All  reasonable  facilities  shall  be  afforded 
the  inspector  by  the  manufacturer  to  satisfy  him  that  the  wheels 
are  being  furnished  in  accordance  with  the  contract.  All  tests 
and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to 
shipment  and  shall  be  so  conducted  as  not  unnecessarily  to  inter- 
fere with  the  operation  of  the  mill. 
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PROPOSED  STANDARD  SPECIFICATIONS  FOR  FORGED 

AND  ROLLED,  FORGED,  OR  ROLLED  SOLID  STEEL 

WHEELS  FOR  FREIGHT  CAR  SERVICE.* 

1.  Steel  for  wheels  shall  be  nictde  by  the  open-hearth  process.  Process. 

2.  The  ingots  from  which  the  blanks  are  made  must  have  Discard, 
sufficient   discard   to   insure    freedom   from   injurious   pipe   and 
segregation. 

3.  The  steel  for  wheels  shall  conform  to  the  following  limits  in  Chemical 

,         .      ,  ..  Composition. 

chemical  composition: 

Carbon o .  60  to  o .  85  per  cent. 

Manganese o .  50  "  o .  80     "     " 

Silicon Not  to  exceed  0.35      "     " 

Phosphorus "       "     "         0.06     "     " 

Sulphur "       "     "         0.06     "     " 

4.  Drillings  from  small  test  ingot  cast  with  the  heat  shall  be  Sample  for 
taken  to  determine  whether  the  heat  is  within  the  limits  of  chemical  Analyst, 
composition  specified  in  Paragraph  3.     For  check  analysis  the 
purchaser  has  the  right  to  take  drillings  from  any  two  points  in  the 

plate  on  radii  at  right  angles  to  each  other  of  any  one  wheel  from 
each  heat,  but  not  at  any  point  where  the  usefulness  of  the  wheel 
will  be  impaired;  drillings  to  be  clean  and  free  from  scale,  oil  and 

♦The  specifications  were  referred  back  to  Comtnittee  A-i  for  further  consideration.— Ed. 

(59) 
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dirt;  and  this  check  analysis  may,  at  the  option  of  the  purchaser, 

be  made  from  mixed  drillings  taken  entirely  through  the  plate  at 

the  two  points. 
Analyses  5-  When  required,  the  purchaser  or  his  representative  is  to 

Furnished-        ^  fumished  an  analysis  of  each  heat  from  which  rolled  wheels  are 

made,  such  analysis  to  cover  elements  specified  in  Paragraph  3. 
Finish.  6.  All  wheels  must  be  free  from  injurious  seams,  cracks, 

laminations  or  other  imperfections  detrimental  to   strength   or 

ser\ice. 
Workmanship.  7.  Wheels  may  be  fumished  with  contours  as  rolled  and  shall 

conform  to  dimensions  specified  within  the  following  tolerances: 

(a)    Height  of  Flange. — The  height  of  flange  shall  not  be 

more  than  ^fV  in.  over  nor  more  than  V?  in.  under  that 

specified. 
(6)     Thickness  of  Flange. — The  thickness  of  flange  shall  not 

vary  more  than  jV  in.  over  or  under  that  specified. 
{c)     Throat  Radius. — The  throat  radius  shall  not  vary  more 

than  tV  in.  over  or  under  that  specific^l. 

(d)  Thickness  of  Rim. — The  rim  may  vary  in  thickness,  but 

the  variation  less  than  the  specified  tbickncss  shall  not 
exceed  j'tr  in.  The  thickness  of  rim  shall  be  measured 
at  the  center  line  of  tread. 

(e)  Widlh  of  Rim. — The  width  of  rim  shall  not  be  more  than 

J  in.  less  nor  more  than  \  in.  over  that  specified. 

(/)  Thickness  of  Plate. — The  plate  may  vary  in  thickness, 
but  the  variation  less  than  the  specified  thickness  shall 
not  exceed  ('j  in.  for  each  J  in.  in  the  thickness  of 
plate. 

(g)  Until  Grooie. — Where  limit  gr(K)\t'  is  called  for,  the  loca- 
tion of  the  center  of  limit  of  wear  gr(K)ve  shall  not  vary 
more  than  iV  in.  from  that  specificxl  and  its  distance 
from  the  inner  e<lge  of  the  rim  at  the  thinnest  point 
shall  not  i>e  less  than  \\  in. 

(A)  Diameter  of  Bore. — The  diameter  of  rough  bore  shall  not 
be  more  than  iV  in.  greater  nor  more  than  \  in.  less 
than  specified.  When  not  spccilie<l  the  rough  bore 
shall  be  i  in.  lcs.s  in  diameter  than  the  finished  bore, 
subject  to  the  above  limitations. 
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(t)  Hub  Diameter. — The  hub  diameter  may  vary,  but  the 
thickness  of  wall  of  the  finished  bored  hub  shall  not 
be  less  than  i|  ins.  at  any  point  unless  otherwise 
specified,  and  shall  not  vary  more  than  A  in.  at  any  two 
points  on  the  same  wheel. 

(;■)  Hub  Length. — The  length  of  hub  shall  not  vary  more  than 
I  in.  over  or  under  that  specified. 

(k)  Depression  of  Hub. — The  depression  of  hub  from  front 
face  of  rim  shall  not  be  less  but  may  be  I  in.  more  than 
that  specified. 

(/)  Black  Spots  in  Hub. — Black  spots  in  the  rough  bore  shall 
not  be  longer  than  2  ins.  nor  deeper  than  I  in.  Black 
spots  longer  than  2  ins.  or  deeper  than  tV  in.  will  not 
be  permitted  in  rough  bore  within  2  ins.  of  either  face. 

(m)  Eccentricity  of  Bore. — The  eccentricity  between  the  tread 
at  its  center  line  and  the  rough  bore  shall  not  exceed 
tV  in. 

(n)  Block  Marks  on  Tread. — The  maximum  height  of  block 
marks  must  not  be  greater  than  «V  in. 

(0)  Rotundity. — All  wheels  shall  be  gauged  with  a  ring  gauge, 
and  the  opening  between  the  ring  gauge  and  tread  at 
any  point  shall  not  exceed  tV  in. 

(/>)  Plane. — Wheels  shall  be  gauged  with  a  ring  gauge  placed 
concentric  with  and  perpendicular  to  the  axis  of  the 
wheel.  All  points  on  the  back  of  the  rim  equidistant 
from  the  center  shall  be  within  a  variation  of  ij  in. 
from  the  plane  of  the  gauge  when  so  placed. 

(q)  Tape  Sizes. — Wheels  shall  not  vary  more  than  five  tapes 
under  nor  nine  tapes  over  the  size  called  for  by  the 
drawing. 

(r)  Mating. — All  wheels  shall  be  measured  with  a  tape  based 
on  the  standard  M.  C.  B.  tape,  with  tape  divisions 
J  in.  apart.  The  tape  numbers  shall  be  stenciled  in 
plain  letters  on  each  wheel.  Wheels  must  be  mated 
to  tape  sizes  and  shipped  in  pairs.  A  variation  of  one 
tape  will  be  allowed  in  the  same  pair. 

8.  Wheels  shall  be  stamped  with  the  maker's  brand  and  Branding, 
number  in  such  a  v/ay  that  each  wheel  may  be  readily  identified. 
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Inspection.  9-  The  inspector  representing  the  purchaser  shall  have  free 

entry  to  the  works  of  the  manufacturer  at  all  times  while  his  con- 
tract is  being  executed.  All  reasonable  facilities  shall  be  afforded 
the  inspector  by  the  manufacturer  to  satisfy  him  that  the  wheels 
are  being  furnished  in  accordance  with  the  contract.  All  tests 
and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to 
shipment  and  shall  be  so  conducted  as  not  unnecessarily  to  inter- 
fere with  the  operation  of  the  mill. 


AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,  PA.,  U.  S.  A. 

AFFILIATED    WITH    THE 

International  Association  for  Testing  Materials. 


STANDARD    SPECIFICATIONS    FOR    HEAT-TREATED 
CARBON-STEEL  AXLES,  SHAFTS,  AND  SIMILAR  PARTS. 

Adopted  August  21,  1911. 

1.  Steel  under  this  specification  shall  be  made  by  the  open-  Process  of 
hearth  or  other  approved  process.  *°" 

2.  A  sufficient  amount  of  discard  must  be  made  from  each  Discard, 
ingot  to  insure  freedom  from  piping  and  undue  segregation. 

3.  The  steel  shall  conform  to  the  following  limits  in  chemical  Chemical 

composition:  Composition. 

Carbon Not  over  0.60  per  cent. 

Manganese 0.40  to  0.80    "       " 

Phosphorus Not  over  0.05    "      " 

Sulphur "       "    0.05    "       " 

4.  Drillings  shall  be  taken  from  the  crop  end  of  one  axle,  Samples  for 
shaft,  or  similar  part  from  each  melt  represented,  parallel  to  the  Ana^^s. 
axis   on   any  radius   one-half  the  distance   from   the   center  to 
circumference,  to  aetermine  whether  the  chemical  composition  of 

the  heat  is  within  the  limits  specified  in  Paragraph  3. 

In  addition  to  the  complete  analysis,  the  purchaser  has  a  right 
to  call  for  a  phosphorus  determination,  to  be  made  from  turnings 
from  each  tensile  test  specimen,  and  the  phosphorus  must  show 
withm  the  limits  called  for  by  Paragraph  3. 

5.  The  steel  shall  conform  to  the  following  minimum  physical  Tensile  Test 
properties : 

Ultimate  strength,  lbs.  per  sq.  in 85,000 

Elastic  limit,  "  "         50,000 

Elongation  in  2  ins.,  per  cent 22 

Reduction  of  area,  "     45 

The  elastic  limit  shall  be  determined  by  extensometer.      Above 

(63) 


Specimen  for 
Tensile  Test. 
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40,000  lbs.  per  sq.  in.,  each  increment  of  load  shall  be   not  more 
than  1,000  lbs.  per  sq.  in. 

6.  The  test  specimen  as  sho\\Ti  by  Fig.  i,  0.5 -in.  diameter 
and  2-in.  gauge  length,  shall  be  used  to  determine  the  physical 
properties  as  specified  in  Paragraph  5.  Tests  specimens  shall  be 
taken  from  the  crop  end  of  one  axis,  shaft,  or  similar  part,  from 
each  treating-plant  heat;  if  more  than  one  open-hearth  heat  is 
represented  in  a  treating-plant  heat,  a  >est  shall  be  taken  from  each 
open-hearth  heat  represented.  A  full  size  prolongation  shall  be 
left  on  each  axle,  shaft,  or  similar  part. 


Fig.  I. 


Cold  Bend  Test 


Locsttoo  of 
^ptritimn*  for 
TeiiiU*  TMt  And 
Cold  Bond  Twt. 


7.  A  cold  bend  test  shall  be  made  from  the  crop  end  of  one 
axle,  shaft,  or  similar  part,  from  each  treating-plant  heat;  if  more 
than  one  oj)en-hearth  heat  is  represented  in  a  treating-plant  heat, 
a  test  shall  be  taken  from  each  open-hearth  heat  represented. 
The  test  shall  l>c  made  with  a  ^  in.  square  specimen,  not  exceed- 
ing 6  ins.  in  length,  around  a  flat  mandrel  with  edges  of  J-in. 
radius,  and  the  sj)ccimcn  shall  bend,  without  fracture,  180°  around 
the  said  mandrel. 

8.  Specimens  for  tensile  test  and  cold  bend  test  shall  be  taken 
parallel  to  the  axis  of  the  axle  or  shaft  and  on  any  radius  one-half 
the  di.siance  from  the  center  to  the  circumference. 

(>.  In  case  the  physical  results  obtained  from  any  lot  of  axles, 
shafts,  or  similar  |)arts,  do  not  conform  to  those  called  for  by 
Paragraphs  5  aad  7,  the  manufacturer  shall  have  the  privilege  of 
retreating  such  parts,  from  which  new  tests  shall  be  taken  by  the 
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purchaser,  and  these  shall  govern  the  acceptance  or  rejection  of 
the  lot. 

10.  Each  axle,  shaft,  or  similar  part  shall  be  allowed  to  cool  Heat  Treatment, 
after  forging,  shall  then  be  re-heated  to  the  proper  temperature, 

quenched  in  some  medium,  allowed  to  cool,  and  then  re-heated 
to  the  proper  temperature  for  annealing. 

11.  Warped  axles  or  shafts  or  similar  parts  must  be  straight-  Warped  Axles 
ened  hot;  that  is,  at  a  temperature  above  900°  F.,  and  before  offer-  *""  ®******- 
ing  the  parts  for  test. 

12.  All  axles,  shafts,  and  similar  parts  shaJl  be  free  from  QuaUty. 
cracks,  flaws,  seams,  or  other  injurious  imperfections  when  finished. 
Those  which  show  such  defects  while  being  finished  by  the  pur- 
chaser will  be  rejected  and  returned  to  the  manufacturer,  who  must 

pay  return  freight. 

13.  All  axles,  shafts,  and  similar  parts  must  be  rough-turned  Finish, 
with  an  allowance  of  |  in.  on  surface  for  finishing,  except  on  collar, 
which  is  to  be  left  rough  forged.     Turning  must  be  done  on  60° 
centers  with  clearance  drilled  at  point. 

14.  The  heat  number  shall  be  stamped  on  the  rough  forged  Branding. 
collar.     After  rough  turning,  the  manufacturer's  name,  heat  num- 
ber, individual  axle  or  shaft  number,  and  inspector's  mark  shall 

be  stamped  at  place  indicated  by  the  purchaser,  except  at  any 
point  between  the  rough  collars. 

15.  The  inspector  representing  the  purchaser  shall  have  free  inspection. 
entry,  at  all  times  while  his  contract  is  being  executed,  to  all  portions 

of  the  manufacturer's  shop  which  concerns  the  manufacture  of 
material  ordered.  All  reasonable  facilities  shall  be  afforded  to 
the  inspector  by  the  manufacturer  to  satisfy  him  that  the  axles, 
shafts,  and  similar  parts  are  being  furnished  in  accordance  with 
the  specifications.  All  tests  and  inspection  shall  be  made  at  the 
place  of  manufacture  prior  to  shipment  and  free  of  cost  to  the 
purchaser.  The  purchaser  shall  have  the  right  to  make  tests  to 
govern  the  acceptance  or  rejection  in  their  own  test-room,  or  else- 
where, as  may  be  decided  by  the  purchaser,  such  test,  however, 
to  be  made  at  the  expense  of  the  purchaser  and  to  be  made  prior 
to  the  shipment  of  the  material.  Unless  otherwise  arranged,  any 
protest  based  on  such  tests  must  be  made  within  six  days,  to  be 
valid.  Tests  and  inspection  shall  be  so  conducted  as  not  to 
interfere  unnecessarily  with  the  operation  of  the  mill. 
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AFFILIATED    WITH    THE 
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STANDARD  SPECIFICATIONS  FOR  STEEL  REIN- 
FORCEMENT BARS. 

Adopted  Atgust  21,   191 1. 

Manufacture  I  •  Stccl  may  bc  made  by  either  the  open-hearth  or  Bessemer 

process.     Bars  shall  be  rolled  from  billets. 
Chemical  and  2.  The  chcmical  and  physical  ])ropertics  shall  conform  to  the 

p?o^Sea.  following  limits: 


Dttaminatieas 


PropartiM 
Conddered. 

Structural  Steel 
Grade. 

Hard  Grade.* 

Cold- 

Plain 
Ban. 

Deformed 
Ban. 

Plain 
Ban. 

Deformed 
Ban. 

Twisted 
Bars. 

Phonshonia.  max. 

Deaaamer 

Opw-Hearth 

poooda  per  aq.  la . . . 

Yield   point,   min., 
pouoda  |)er  aq.  in . . . 

Eloocation,    mia.    per 

eeot.  in  8  ina. 

C«ld     bend     without 
frarturc: 

Uara  under  f  in. 
in  ciiainetor  or 

thielcncM 

Hara  |  in.  tu  diam- 
eter   or    tbiek- 
naaa  aodovar.. 

O.IO 
0.05 

&5.000-70.000 

33.000 
/    1.400,000 

0.10 
0.05 

65.C0O-70.000 

33.000 
1.350.000 

0.10 
0.05 

80.000  min. 

60,000 
1.200,000 

0.10 
0.05 

80,000  min. 

50.000 
1,000.000 

0.10 
0.05 

Ileoorded 
only 

55,000 

I   tana.  atr. 

180»d.-lt. 
18(fd.-lt.   ' 

tena.atr. 

lS0»d.-U. 
180»d.-2t. 

tone.  atr. 

180"d.-3t. 
«0»d.-3t. 

tona.  atr. 

180»d.-4t. 
90»d.-4t. 

5  per  cent. 

I80"d.-2t. 
180«»d.-3t. 

*  The  bard  crada  will  ba  uaad  only  whan  tpaeiflod. 

3.  In  order  to  determine  if  the  material  conforms  to  the  chem- 
ical limitations  prescribed  in  Paragraph  2  herein,  analysis  shall  be 
made  by  the  manufacturer  from  a  test  ingot  taken  at  the  time  of  the 
pouring  of  each  melt  or  blow  of  steel,  and  a  correct  coj)y  of  such 
analvfiis  shall  he*  furnislicd  to  the  rii^Mru-cr  or  his  inspector. 
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4.  Chemical  determinations  of  the  percentage  of  phosphonis, 
shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the 
time  of  the  pouring  of  each  melt  of  steel  and  a  correct  copy  of 
such  analysis  shall  be  furnished  to  the  engineer  or  his  inspector. 
A  check  analysis  may  be  made  by  the  purchaser  or  his  representa- 
tive if  desired,  in  which  case  an  excess  of  25  per  cent,  above 
the  required  limits  will  be  allowed. 

5.  For  the  purposes  of  these  specifications,  the  yield  point  shall  Yield  Point, 
be  determined  by  careful  observation  of  the  drop  of  the  beam  of  the 

testing  machine,  or  by  other  equally  accurate  method. 

6.  (a)  Tensile  and  bending  test  specimens  may  be  cut  from  Form  of 
the  bars  as  rolled,  but  tensile  and  bending  test  specimens  of  de-  Specimens, 
formed  bars  may  be  planed  or  turned  for  a  length  of  at  least  9  ins. 

if  deemed  necessary  by  the  manufacturer  in  order  to  obtain  uniform 
cross-section. 

(b)  Tensile  and  bending  test  specimens  of  cold- twisted  bars 
shall  be  cut  from  the  bars  after  twisting,  and  shall  be  tested  in  full 
size  without  further  treatment,  unless  otherwise  specified  {is  in 
(c),  in  which  case  the  conditions  therein  stipulated  shall  govern. 

(c)  If  it  is  desired  that  the  testing  and  acceptance  for  cold- 
twisted  bars  be  made  upon  the  hot-rolled  bars  before  being  twisted, 
the  hot-rolled  bars  shall  meet  the  requirements  of  the  structural 
steel  grade  for  plain  bars  shown  in  this  specification. 

7.  At  least  one  tensile  and  one  bending  test  shall  be  made  from  Number  of  Tests. 
each  melt  of  open-hearth  steel  rolled,  and  from  each  blow  or  lot  of 

ten  tons  of  Bessemer  steel  rolled.  In  case  bars  differing  §  in.  and 
more  in  diameter  or  thickness  are  rolled  from  one  melt  or  blow,  a 
test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 
Should  either  of  these  test  specimens  develop  flaws,  or  should  the 
tensile  test  specimen  break  outside  of  the  middle  third  of  its  gauged 
length,  it  may  be  discarded  and  another  test  specimen  substituted 
therefor.  In  case  a  tensile  test  specimen  docs  not  meet  the  speci- 
fications, an  additional  test  may  be  made. 

(d)  The  bending  test  may  be  made  by  pressure  or  by  light 
blows. 

1  8.  For  bars  less  than  js  in.  and  more  than  f  in.  nominal  Modifications  in 
diameter  or  thickness,  the  following  modifications  shad  be  made  in  xhin^and  Th?ck 
the  requirements  for  elongation:  Matenai. 

(e)  For  each  increase  of  ^  in.  in  diameter  or  thickness  above 
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Number  of 
Twists. 


Finish. 


Variation  in 
Weight. 


Inspection. 


J  in.,  a  deduction  of  i  shall  be  made  from  the  specified  percentage 
of  elongation. 

(/)  For  each  decrease  of  tV  in.  in  diameter  or  thickness  below 
ft  in.,  a  deduction  of  i  shall  be  made  from  the  specified  percentage 
of  elongation. 

(g)  The  above  modifications  in  elongation  shall  not  apply  to 
cold-twisted  bars. 

9.  Cold- twisted  bars  shall  be  twisted  cold  with  one  complete 
twist  in  a  length  equal  to  not  more  than  twelve  (12)  times  the  thick- 
ness of  the  bar. 

10.  Material  shall  be  free  from  injurious  seams,  flaws,  or  cracks, 
and  have  a  workmanlike  finish. 

1 1.  Bars  for  reinforcement  are  subject  to  rejection  if  the  actual 
weight  of  any  lot  varies  more  than  5  per  cent,  over  or  under  the 
theoretical  weight  of  that  lot. 

12.  When  an  inspector  is  furnished  by  the  purchaser  to 
inspect  material  at  the  mills,  he  shall  have  full  access,  at  all  times, 
to  all  parts  of  mills  where  material  to  be  inspected  by  him  is 
being  manufactured. 


DISCUSSION. 


Mr.  C.  S.  Churchill.— It  seems  to  me  that  this  report  Mr.  churchUL 
on  steel  wheels  is  a  step  in  the  right  direction  in  that  it  has 
brought  very  valuable  information  together  in  the  form  of 
specifications;  but  the  limits  of  the  chemical  constituents  are  in 
some  respects  a  little  wider  than  would  obtain  in  good  practice. 
As  we  all  know,  when  specifications  are  made  a  little  too  liberal 
it  is  rather  difficult  to  get  back  again  to  close  limits.  I  think 
that  these  specifications  on  steel  wheels  should  be  received 
as  a  report  of  progress,  and  that  they  should  be  referred  back 
to  the  Committee  for  further  study.  The  process  of  manufacture 
of  steel  wheels  is  not  a  business  that  has  been  long  in  existence, 
and  therefore  new  items  of  progress  are  liable  to  come  up  from 
time  to  time,  so  that  I  think  it  would  be  a  mistake  to  submit  these 
specifications  to  letter  ballot  at  the  present  time. 

The  President.— Mr.  Churchill,  would  you  indicate  The  President, 
specifically  the  changes  you  would  like  made,  so  that  they  may 
be  discussed  on  their  merits?  Of  course  we  do  not  want  to  send 
out  anything  that  is  really  premature;  on  the  other  hand  it  does 
seem,  generally  speaking,  that  specifications  which  are  very 
nearly  perfect  are  better  than  none.  They  may  be  improved 
from  time  to  time,  and  it  is  better  that  the  public  should  have 
some  guide  that  is  nearly  exact  rather  than  to  have  no  guide. 

Mr.  Churchill. — To  illustrate:  for  solid  rolled  steel  wheels  Mr.  churchUL 
for  freight-car  service,  the  carbon  limits  are  given  in  the  proposed 
specifications  as  0.60  to  0.85  per  cent.;  manganese  0.50  to  0.80 
per  cent.;  silicon  not  to  exceed  0.35  per  cent.;  phosphorus  not 
to  exceed  0.06  per  cent.;  sulphur  not  to  exceed  0.06  per  cent. 
I  think  the  limits  for  carbon  are  too  wide,  and  that  they  should 
be  from  0.65  to  0.85  per  cent.  In  the  case  of  manganese  the 
limiting  values  are  too  low;  the  limits  should  be  from  0.60 
to  0.85  per  cent.  The  silicon  should  not  exceed  0.25  instead 
of  0.35 ;  and  the  upper  hmit  of  phosphorus  and  sulphur  should  be 
0.05  per  cent.  Those  are  some  of  the  main  points.  My  criticisms 
are  based  on  actual  results  from  long  service  of  steel  wheels  com- 
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Charchiu.  pared  with  other  wheels  in  which  service  test  the  steel  wheels 
used  were  all  within  these  limits.  It  seems  to  me  wise,  there- 
fore, to  go  a  little  slow  and  not  adopt  now  such  wide  limits  as 
are  suggested. 

Stevenson.  Mr.  A.  A.  Stevenson. — In  the  absence  of  Mr.  Webster, 

Chairman  of  the  Committee,  who  is  now  abroad,  I,  as  Vice- 
Chairman  of  the  Committee,  will  venture  to  reply  to  Mr. 
Churchill's  remarks.  It  seems  to  us  that,  considering  the 
amount  of  work  that  has  been  put  on  these  specifications,  cover- 
ing a  period  of  two  and  a  half  years,  it  would  be  rather  unfortunate 
to  turn  them  back  to  the  Committee  and  cause  another  year's 
delay  in  the  adoption  of  a  rolled  wheel  specification.  In  our 
opinion  the  changes  suggested  by  Mr.  Churchill  are  not  radical 
enough  to  make  such  action  necessary.  We  do  not  think  Mr. 
Churchill  has  taken  into  consideration  the  fact  that  the  chemical 
composition  given  covers  both  acid  and  basic  steel.  The  carbon 
limits  as  called  for  by  the  proposed  specification  are  0.60  to  0.85 ; 
the  suggestion  is  to  make  these  0.65  to  0.85.  This  may  be  all 
right  for  basic  steel,  but  we  are  sure  the  manufacturers  using 
acid  steel  would  not  be  satisfied  to  accept  the  lower  limit  of  0.65, 
but  would  not  object  to  cutting  the  upper  limit  the  amount 
suggested.  Manganese  limits  as  called  for  by  the  specification 
are  0.50  to  0.80.  Mr.  Churchill  suggests  making  these  0.60 
to  0.85 ;  we  feel  0.50  to  0.80  represents  the  best  practice,  although 
the  lower  limit  might  be  raised  0.05  to  bring  the  variation  in 
limits  to  that  suggested. 

The  silicon  limit,  as  called  for  by  the  proposed  specification, 
is  not  to  exceed  0.35.  Mr.  Churchill  suggests  that  this  limit  be 
placed  at  0.25.  For  basic  steel  this  is  all  right,  but  not  for  acid 
steel.  For  acid  steel  the  upper  limit  should  not  be  less  than  0.30. 
Mr.  Churchill  suggests  0.05  as  the  upper  limit  for  phosphorus 
and  sulphur.  To  repeat  what  has  been  said  before,  the  speci- 
fication covers  both  acid  and  basic  steel,  and  the  Society  has 
adopted  other  specifications  with  0.06  as  an  upi)er  limit  for  acid 
8tccl.  Rather  than  to  postpone  the  adoption  of  these  specifica- 
tions for  another  year,  we  feel  safe  in  saying  that  the  manu- 
facturers would  be  willing  to  accept  an  upper  limit  of  0.05  in 
phosphorus  and  sulphur. 

Mr.  Chairman,  wc  feel  it  would  be  a  mistake  to  rrturn  the 
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report  to  the  Committee  for  further  consideration;    in  other  Mr.  Stevenson, 

words,  what  we  want  now  is  a  specification  for  rolled  steel  wheels. 

Some  of  the  railroads  and  manufacturers  have  specifications  of 

their  own;   but  at  the  present  time  I  know  of  no  specification 

that  has  been  adopted  by  any  technical  society.     It  was  a  very 

difficult  problem  your  sub-committee  had  before  them  at  the 

time  they  began  work  on  these  specifications ;  both  the  consumers 

and  manufacturers  were  somewhat  at  sea. 

For  two  years  and  a  half  there  have  been  numerous  meetings 
of  the  sub-committee  on  the  question  of  specification  in  an 
endeavor  to  arrive  at  something  that  would  be  fair  to  both  the 
consumer  and  the  manufacturer.  The  action  of  Committee 
A- 1  upon  the  report  of  the  sub-committee  would  indicate  that, 
in  their  opinion  at  least,  these  specifications  represent  the 
practice  of  to-day.  If  these  specifications  are  adopted,  no  doubt, 
like  other  specifications,  they  can  and  will  be  improved.  If  we 
had  not  adopted  a  rail  specification  some  years  ago,  we  would 
not  have  the  one  we  now  have,  which  is  a  decided  improvement 
over  the  original  specification  adopted.  We  are  in  favor  of 
submitting  the  points  brought  up  by  Mr,  Churchill  to  the  action 
of  the  members  present,  and  then  submitting  the  specification 
with  any  modification  that  might  be  made  at  this  meeting  to  the 
Society  for  letter  ballot. 

Mr.  J.  H.  GiBBONEY. — The  question  of  steel  wheels,  Mr.  Mr.  Gibboney. 
Chairman,  is  one  of  vital  interest  to  the  railroads,  no  doubt 
more  so  than  to  any  other  class  of  users,  and  the  Norfolk  and 
Western  Railway  has  given  this  question  considerable  study,  both 
from  the  standpoint  of  composition  and  the  service  obtained  from 
different  compositions.  Our  study,  covering  a  period  of  some 
four  years,  during  which  time  the  service  of  several  hundred 
wheels  was  closely  observed,  has  impressed  us  very  forcibly 
with  the  thought  that  narrower,  instead  of  wider,  hmits  are 
desirable  for  the  carbon  and  manganese  contents.  Steel  wheels 
should  be  studied  in  pairs,  and  it  is  desirable  to  have  wheel 
mates  as  near  the  same  hardness  as  possible,  since  the  service 
of  the  softer  wheel  will  determine  the  time  the  pair  of  wheels  is 
to  be  removed  for  re-turning.  For  instance,  if  we  mate  a  low- 
carbon  with  a  high-carbon  wheel,  say  a  0.60-per  cent,  with  a 
0.80-per  cent.,  after  approximately  10,000  miles  have  been  made, 
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Mr.  Gibboney.  the  soft  wheel  will  commence  to  show  very  appreciable  wear  in 
the  throat  of  the  tread.  This  wearing  away  in  the  throat  will 
cause  the  harder  wheel  to  continue  to  crowd  the  softer  wheel  to 
the  rail,  which  process  will  ultimately  cause  the  removal  of  the 
pair  of  wheels  for  re- turning  before  the  harder  wheel  has  shown 
sufficient  wear  to  warrant  removal. 

I  would  infer  from  Mr.  Stevenson's  remarks  that  this 
subject  has  received  very  careful  study  from  the  manufacturer's 
standpoint.  However,  I  do  not  think  that  we  should  adopt  a 
specification  \\ithout  first  studying  the  effects  from  the  user's 
standpoint,  and  for  this  reason  I  shall  support  Mr.  Churchill 
in  his  motion  to  refer  these  specifications  back  to  the  Com- 
mittee, with  the  suggestion  that  they  seek  data  from  the  rail- 
roads with  reference  to  the  service  they  are  obtaining,  and  the 
range  for  carbon  and  manganese  they  consider  most  desirable  for 
satisfactory  ser\'icc. 

The  specification  submitted  by  the  Committee  we  find  to 
be  more  elastic  in  its  limits  than  the  specification  used  by  our 
road  for  the  purchase  of  some  60,000  or  more  wheels.  The 
manufacturer  of  these  particular  wheels  has  not  experienced 
trouble  in  making  them  conform  to  these  limits;  therefore 
it  apf)ears  to  us  absolutely  unnecessary  to  widen  the  limits, 
esjjecially  when  the  same  %vill  tend  to  make  the  proper  mating 
of  wheels,  as  to  hardness,  more  difficult. 
Mr.  Hunt.  Mr.   R.   W.  Hunt. — I  think  I  cannot  quite  sympathize 

with  the  Chairman  in  his  expressed  feeling  that  it  is  better 
to  have  a  specification  than  no  specification  even  if  that  speci- 
fication is  not  perfect.  I  will  admit  that  practically  and  probably 
no  specifications  are  absolutely  perfect;  but  unless  you  have 
good  grounds  for  thinking  that  they  arc  as  perfect  as  you  know 
how  to  make  them  and  that  they  represent  the  results  of  the 
best  exp)erience.  observation  and  practice,  I  think  it  is  better  to 
have  none. 

The  steel  wheel  is  a  new  product,  and  it  is  better  to  let  that 
product  fight  its  own  battles  for  a  little  while.  The  manufacturer 
undoubtedly  is  endeavoring  to  make  the  best  wheels  that  he 
can,  and  I  presume  that  a  certain  guarantee  goes  with  them 
as  to  the  service  they  will  render.  Let  us  gather  together  data 
of  the  l>est  service  Ix'fore  this  Society  hands  specifications  to 
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the  world  with  their  endorsement,  so  that  we  may  feel  that  we  Mr.  Hunt. 
have  a  basis  on  which  to  recommend.  I  do  not  believe  we  have 
those  data  yet  in  regard  to  steel  wheels.  I  should  be  very  glad 
to  listen  to  an  expression  from  a  large  user  of  wheels.  I  believe 
we  can  afford  to  go  a  little  slow  before  we  say  that  any  speci- 
fications are  accurate. 

Mr.  Robert  Job. — I  wish  to  endorse  the  views  of  the  gentle-  Mr.  job. 
man  who  has  just  spoken  in  regard  to  obtaining  further  data 
covering  actual  service  and  wear  of  the  steel  wheel,  in  view  of 
the  fact  which  appears  that  the  Committee  has  not  looked  into 
that  subject  particularly.  It  seems  to  me  it  would  be  an 
excellent  plan,  as  Mr.  Churchill,  Mr.  Gibboney  and  Mr.  Hunt 
have  suggested,  that  the  specifications  be  referred  to  the  Com- 
mittee with  the  request  that  they  take  up  the  matter  particularly 
with  the  various  railroads,  the  large  consumers  of  wheels, 
in  order  to  get  such  additional  data  as  possible  regarding  the 
actual  service  wear  of  these  wheels.  It  seems  to  me  that  if  that 
step  were  taken  it  might  add  a  great  deal  to  the  value  of  the 
specifications  which  the  Society  finally  adopts.  If  we  adopt  these 
specifications  now  without  having  these  data,  it  seems  to  me  that 
we  will  have  specifications  which  may  be  of  very  little  value; 
but  with  the  other  additional  information,  which  can  be  quite 
readily  obtained,  the  specifications  will  be  of  great  importance. 

Mr.  E.  F.  Kenney. — I  am  not  a  member  of  this  Committee,  Mr.  Kenney. 
but  I  would  like  to  correct  the  impression  that  seems  to  be 
prevalent  that  the  large  users  of  steel  wheels  are  not  represented 
on  the  Committee  and  were  not  taken  into  account.  A  repre- 
sentative of  probably  the  largest  user  of  steel  wheels  in  the 
country  was  a  member  of  this  Committee,  namely,  Mr.  E.  D. 
Nelson. 

Mr.  R.  W.  Mahon. — Let  me  say  a  word  for  this  Committee,  Mr.  Mahon. 
with  reference  to  the  point  that  was  brought  up  by  one  of  the 
speakers  concerning  different  hardness  in  a  pair  of  wheels.  It 
is  customary  on  the  New  York  Central  Lines  to  have  this  feature 
regarded  in  the  mating.  I  think  that  the  difficulty  arising  from 
difference  in  hardness  of  the  two  members  of  a  pair  on  the  same 
axle — that  is,  the  more  rapid  wear  of  one  wheel — can  be  very 
largely  overcome  by  the  system  of  mating  which  takes  account 
of  the  carbon  percentage.     On  the  New  York  Central  Lines  the 
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Mr.  Mahon.      two  wheels  mounted  upon  the  same  axle  never  differ  more  than 
by  0.05  per  cent,  carbon. 

Another  point  that  I  want  to  speak  of  is  in  connection  with 
the  carbon  limits  that  have  been  specified.  The  wheels  that 
are  being  furnished  to  us  are  actually  within  those  limits;  they 
extend  precisely  from  0.60  to  0.85,  all  of  them.  I  do  not  think 
we  have  ever  had  a  carbon  less  than  0.60,  nor  over  0.85.  We 
have  had  both  of  those  carbons  repeatedly. 

Mr.  Gibboney.  Mr.  Gibboney. — I  should  like  to  add  that  the  same  system 

of  mating  was  attempted  on  our  road,  not  only  with  reference 
to  agreement  in  carbon,  but  also,  for  possibly  closer  mating, 
with  reference  to  hardness  by  using  the  scleroscope.  This 
method  however  was  found  to  be  impracticable,  due  to  the 
large  number  of  wheels  requiring  mating  in  a  short  period  of 
time. 

I  should  like  to  ask  what  the  difference  in  wear  was  found 
to  be  between  the  softer  and  harder  wheels,  and  what  the  carbon 
limits  were? 

Mr.  Mahon.  Mr.  Mahon. — There  has  not  been  sufficient  experience  so 

far  on  the  New  York  Central  Lines  to  show  that  feature,  that  is, 
the  wear  of  rolled  steel  wheels;  at  least,  it  has  not  reached 
me.  The  use  of  steel  wheels  with  us,  except  as  to  a  few 
hundred  wheels,  is  comparatively  recent.  One  thing  that  has 
been  spoken  of  is  the  difficulty  of  mating  old  wheels  as  to  carbon, 
on  account  of  not  knowing  their  carbons.  As  to  this,  the 
carbon  is  stamped  on  all  our  wheels.  It  is  placed  just  to  the  left 
of  the  billet  number  which  the  manufacturer  uses  to  identify 
his  product;  so  that  there  is  no  trouble  in  that  respect. 

Mr.  stevenion.  Mr.  Stevenson.-  For  the  information  of  the  Society  we 

would  say  that  the  sub-committee  had  the  specification  in 
readiness  to  submit  to  the  Society  at  the  meeting  two  years  ago. 
but  it  was  held  up  at  that  time  because  we  felt  that  we  shoukl 
have  more  results  from  actual  experience  before  submitting  it  to 
the  Society.  Since,  as  well  as  prior  to  that  time,  there  have  been 
thousands  and  tens  of  thousands  of  wheels  furnished  to  some  of 
the  leading  roads  to  a  specification  very  similar  to  the  one  we 
are  submitting.  Some  of  the  leading  roads  are  represented  on 
the  subcommittee,  and  we  have  waited  these  two  years  until 
the  members  of    the    sub-committee,  representing  both  con- 
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sumers  and  manufacturers,  felt  that  they  were  ready  to  submit  Mr.  Stevenson, 
the  specification  to  the  Society  as  representing  good  practice. 

From  some  of  the  remarks  that  have  been  made,  it  would 
seem  that  the  Society  is  under  the  impression  that  these  are 
manufacturers'  specifications.  They  are  not.  If,  as  suggested 
by  one  or  two  of  the  speakers,  it  would  be  wise  to  hold  up  the 
specification  until  such  a  time  as  we  can  arrive  at  a  specification 
that  is  nearer  perfection,  it  may  be  three,  four,  or  five  years 
before  the  Society  will  be  ready  to  take  action.  It  will  take  a 
number  of  years  to  learn  just  what  is  the  best.  In  the  mean- 
while, the  majority  of  consumers  will  not  have  any  recognized 
specification  to  work  to.  As  stated  before,  a  specification  prac- 
tically the  same  has  been  worked  to  by  some  of  the  largest 
consumers  of  rolled  steel  wheels  in  the  United  States,  and  is 
giving  satisfaction  as  a  general  thing  to-day. 

Mr.  Gibboney. — May  I  ask  if  the  specifications  of  these  Mr.  Gibboney. 
railroads  require  a  closer  limit  for  carbon  than  the  specifications 
in  this  report  ? 

Mr.   Stevenson.— I   think  not.      I   have  not   the   exact  Mr.  Stevenson, 
figures,  but  I  am  very  sure  that  the  limits  are  the  same. 

Mr.  Gibboney. — Our  road  has  been  buying  on  a  specifica-  Mr.  Gibboney. 
tion  which  is  not  as  elastic  as  that  contained  in  the  proposed 
specification,  Mr.  Chairman,  and  we  have  had  no  trouble  in 
getting  wheels  on  this  closer  range;  therefore  we  must  conclude 
that  the  limits  of  our  specification  are  sufficiently  elastic  to 
cover  all  contingencies  of  proper  manufacture. 

The  President. — It  would  seem,  in  order  that  we  may  vote  The  President, 
on  this  question  more  intelligently,  that  we  ought  to  understand 
what  damage  would  be  done  by  sending  out  these  specifications 
in  their  present  form.  We  can  understand  that  a  certain  good 
would  be  done,  that  is,  that  a  certain  guide  would  be  furnished. 
It  has  been  intimated  rather  than  explained,  as  I  understood  it, 
that  there  would  be  some  damage  done  from  the  fact  that  these 
specifications  are  not  as  good  as  they  might  be.  It  seems  to 
be  admitted  that  they  are  very  good,  but  are  not  the  best  pos- 
sible; they  are  susceptible  of  improvement.  I  think  it  would 
be  well  that  we  should  understand  wherein  this  slight  divergence 
from  perfection  is  going  to  work  a  damage  in  the  next  year  or 
so,  what  harm  is  going  to  be  done.     I  think  we  ought  to  under- 
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The  President  Stand  that  a  little  more  fully.  I  do  not  mean  to  prejudice  the 
matter  at  all,  or  to  assume  that  the  objections  are  not  well 
taken ;  but  I  think  they  ought  to  be  more  clearly  before  us  than 
they  now  are.  Perhaps  Mr.  Hunt  will  explain  the  specific 
nature  of  the  objections  and  the  damage  that  would  be  done  by 
using  such  specifications  now  rather  than  waiting  a  year. 

Mr.  Hunt.  Mr.  Hunt. — My  feeling  is  that   this  Society  should  not 

issue  specifications  on  any  subject  unless  they  are  based  upon 
sufficient  observation  to  satisfy  us  as  to  the  results  of  those 
specifications,  and  to  make  us  feel  that  they  are  the  best  that  we 
can  issue  with  the  present  knowledge.  Now  I  do  not  feel  that 
that  is  so.  When  our  Society  issues  specifications  they  are 
accepted  by  the  world  as  representing  the  best  opinion  of  very 
distinguished  gentlemen;  and  we  do  not  want  to  put  ourselves 
in  the  position  of  issuing  them  simply  as  a  matter  of  utiHty. 

There  are  one  or  two  other  points  in  these  specifications 
that  I  think  are  not  as  they  should  be.  Personally  I  voted 
against  them  in  the  Committee;  but  that  has  no  bearing  now. 
Again,  since  the  manufacturers  themselves  are  not  asking  for  the 
latitude  we  are  giving  them,  as  I  believe  has  been  stated,  it  is, 
I  think,  a  rather  unique  position  to  get  into.  Should  we  not 
recognize  that  condition  by  giving  more  time  to  see  if  we  cannot 
get  as  close  to  the  ideal  as  the  manufacturers? 

Mr.  Marburg.  Mr.  Edgar  Maruurg. — Mr.  Chairman,  I  should  be  among 

the  last  to  advocate  the  adoption  of  what  may  fairly  be  called 
inferior  specifications;  but  since  these  specifications  were  framed 
for  what  is  concededly  a  new  product,  it  seems  to  me  a  reason- 
able line  of  i)rocedure  that  they  should  be  a  little  too  lenient 
rather  than  too  exacting  concerning  a  product  on  which  knowl- 
edge is  very  incomplete.  If  the  specifications  are  too  exacting, 
they  will  be  rejected  and  will  serve  no  useful  purpose;  if,  how- 
ever, they  are  somewhat  too  lenient,  they  will  be  tried  out  on 
their  merits,  unless  they  are  palpably  inferior.  The  Society 
has  not  a  s|x;cification  in  its  Year-Book  of  which  it  may  not 
be  said  that  there  arc  more  exacting  specifications  in  use  some- 
where. The  Society  d(K's  not  purport  to  put  out  spociiications 
which  are  the  most  exacting  that  can  be  found  anywhere;  but 
rather  specifications  fairly  representative  of  good  current  i^rac- 
tice.     That  observation  aj)plies  to  every  six'cification  that  has 
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been  put  out  by  the  Society,  and  it  seems  to  me  it  ought  to  Mr.  Marburg. 
apply  especially  to  specifications  concerning  a  product  that  is 
concededly  new. 

If  in  the  course  of  the  year  experience  should  show  the 
desirabiUty  of  making  certain  requirements  more  exacting, 
that  can  readily  be  done.  The  history  of  the  Society  shows  that 
many  of  the  specifications  have  been  thus  re\dsed  from  year  to 
year.  The  only  question  is,  shall  we  accept  a  specification  for 
one  year — not  necessarily  for  longer  than  a  year — that  is  con- 
cededly not  an  inferior  specification.  If  it  is  concededly  an 
inferior  specification  it  ought  to  be  rejected;  but  if  it  is  con- 
cededly not  an  inferior  specification,  but  one  that  is  not  as  exact- 
ing as  certain  specifications  in  use,  why  should  it  not  be  adopted 
tentatively  for  a  year?  Any  members  who  are  particularly 
interested  in  this  product,  and  who  are  particularly  desirous 
that  the  specification  shall  be  as  stringent  as  circumstances  may 
warrant,  can  offer  their  suggestions  by  letter  to  the  Committee 
with  the  certainty  that  they  will  be  given  very  careful  considera- 
tion on  their  merits. 

In  view  of  the  fact  that  these  specifications  stand  for  a  great 
deal  of  work,  and  since  they  have  received  the  approval  of  a 
member  of  the  sub-committee  who  represents  also  what  is  per- 
haps the  largest  consuming  interest  in  this  Hne,  it  seems  to  me 
evident  they  do  not  deserve  to  be  regarded  as  manifestly  inferior 
specifications.  In  fairness,  therefore,  to  the  Committee,  and  in 
line  with  what  the  Society  has  done  in  the  past  in  matters  of  this 
kind,  it  seems  to  me  desirable  to  discuss  now,  and  on  their  merits, 
the  specific  points  about  these  specifications  which,  in  the  judg- 
ment of  members  here  present,  ought  to  be  amended,  and  then 
to  refer  the  specifications,  either  in  their  present  or  amended 
form,  to  letter  ballot  of  the  Society. 

Mr.  Hunt. — Since  there  seems  to  be  some  difference  of  opin-  Mr.  Hunt, 
ion  as  to  the  specifications,  and  there  have  been  statements  made 
here  by  the  consumers  with  reference  to  some  of  the  require- 
ments, I  think  it  would  be  the  part  of  wisdom  to  put  the  matter 
back  in  the  hands  of  Committee  A-i.  I  am  a  member  of  Commit- 
tee A- 1,  not  a  member  of  the  sub-committee;  but  I  think  that  if  we 
should  put  it  back  in  the  hands  of  Committee  A-i  and  suggest 
to  the  gentlemen  who  have  criticized  these  specifications  some- 
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Mr.  Htmt.  what  adversely  that  they  give  us  the  benefit  of  their  experience 
as  consumers,  that  we  will  be  in  better  shape  next  year  to  pre- 
sent specifications  which  will  represent  our  best  effort  and  be 
more  {perfect.  I  do  not  believe  in  simply  issuing  specifications 
in  a  tentative  way.  Personally,  I  would  prefer  to  have  the  matter 
referred  back  to  the  Committee  of  which  I  am  a  member,  expect- 
ing when  it  is  referred  back  to  get  the  benefit  of  the  suggestions 
and  criticisms  that  have  been  oftercd  this  morning.  I  think 
it  would  be  a  step  in  the  right  direction  and  the  part  of  wisdom 
to  do  so.  You  know  the  specification  was  acknowledged  by 
the  Committee  as  not  being  perfect.  There  were  some  features 
of  the  specifications  criticized  in  the  Committee,  and  some  features 
which  are  not  in  the  specifications  were  referred  back  to  the 
sub-committee  to  take  up,  with  the  idea  of  possibly  incorporat- 
ing those  features  next  year. 

The  President.  The   PRESIDENT. — Are   there   any   further   remarks?      If 

not,  I  shall  call  for  a  vote  first  on  the  amendment  to  refer  these 
specifications  back  to  the  Committee.  Those  in  favor  of  refer- 
ring these  specifications  back  to  the  Committee  will  manifest 
it  in  the  usual  way.  The  motion  appears  to  prevail.  Is  a  divi- 
sion called  for? 

Mr.  Stevenson.  Mr.  StEVENSON. — Yes  sir. 

[.\  rising  vote  resulted  in  ayes,  49;  nays,  25.] 
The  President.  I'he  PRESIDENT.-  The  vote  is,   that   thesc  specifications 

.shall  be  referred  back  to  the  Committee. 
Mr.  Bunnincs.  Mr.  S.  V.  HuNNiNGS.-  I  notice  in  the  proposed  specifica- 

tions for  heat-treated  steel  axles  that  only  the  maximum  carbon 
is  specified.  I  think  that  the  maximum  carbon  is  considerably 
above  what  is  recognized  as  sufiuiently  high  to  get  the  same 
tensile  strength  in  ordinary  annealed  axles.  I  should  like  to 
ask  Mr.  Stevenson  what  the  idea  was  in  permitting  as  high  as 
0.60  per  cent,  carbon  in  the  heat-treated  axles  in  view  of  the 
len.silc  strength  stipulated  in  the  specifications. 
Mr. stcvMUM.  Mr.  Stevenson. — Is  Mr.  Nelson  present?  He  is  Chairman 
of  the  sub  committee.  [Mr.  Nelson  was  not  jiresent.] 

As  far  as  carbon  limit  is  concerned,  that  was  put  in  at  the 
Committee  meeting  as  a  rejection  limit.  I  think  a  number  of 
the  members  of  the  sub-committee  would  have  preferred  not  to 
have  mentioned  carlnm  at  all;  and  in  fad  there  are  a  number 
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of  specifications  to-day  for  heat-treated  axles  where  the  carbon  Mr.  Stevenson. 
limit  is  not  given;  but  some  of  the  members  felt  that  in  view  of 
what  had  been  done  in  other  materials,  it  would  be  wise  to  put 
in  some  limit  for  carbon;    consequently  it  was  decided  to  put 
0.60  as  the  upper  limit. 

Mr,  Hunnings. — During  the  past  two  years  we  have  done  Mr.  Hunnings. 
considerable  heat-treated  work  and  have  had  several  failures. 
We  have  found  that  the  most  critical  point  we  have  to  watch 
is  the  carbon,  especially  where  the  sulphur  and  phosphorus 
also  approach  the  upper  limit  of  the  specification.  The  phos- 
phorus and  sulphur  in  these  specifications  are  hmited  to  not 
over  0.05  in  both  cases.  The  fact  must  be  recognized  that 
where  you  get  a  ladle  analysis,  or  even  actual  analyses,  from  a 
couple  of  billets — previous  to  going  ahead  with  your  forgings — 
showing  carbon,  phosphorus  and  sulphur  around  the  upper 
limits  of  these  specifications,  it  is  quite  possible  that  some  of 
the  billets  in  the  same  heat  may  show  these  elements  to  be 
present  in  quantities  considerably  higher  than  allowed  by  these 
specifications.  The  possibility  of  the  carbon  running  to  0.60, 
and  at  the  same  time  the  possibility  of  the  phosphorus  and  sul- 
phur equaling  or  exceeding  the  stipulated  limits,  would  be  a  very 
serious  matter  in  the  heat  treatment  of  forgings. 

I  believe  also  there  should  be  a  minimum  carbon  limit 
specified.  Without  a  minimum  carbon  limit,  the  manufacturer 
could  take  0.30  carbon  steel  and  quench  it,  and  as  he  is  not 
required  to  "draw  back"  (anneal)  after  quenching,  he  could 
overcome  the  lack  of  carbon,  either  by  not  annealing  at  all, 
or  annealing  at  a  temperature  too  low  to  relieve  the  strains  set 
up  by  quenching.  In  that  way  you  are  apt  to  get  forgings  which 
are  in  a  treacherous  condition. 

Mr.  Kenney.— The  points  referred  to  by  Mr.  Hunnings  Mr.  Kenney. 
are,  I  think,  taken  care  of  in  the  requirements  for  ductility. 
Mr.  Hunnings  would  get  no  such  results  under  the  requirements 
in  these  specifications  by  the  treatment  he  suggests  with  0.30 
carbon. 

Mr,   Radclyffe  Furness. — Mr.  Hunnings  spoke  of  the  Mr.  Furness. 
danger  of  phosphorus  and  sulphur  running  up  with  the  carbon. 
I  think  if  he  will  read  the  specification  over  he  will  see  that  one 
axle  in  every  ten  can  be  tested,  depending  entirely  upon  the  heat 
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Mr. Fomess.  treatment;  also  that  one  axle  from  each  melting  heat  should 
be  tested.  I  think  the  possibility  of  getting  high  phosphorus 
and  sulphur  is  very  small,  because- no  manufacturer  is  going 
to  put  any  more  tests  upon  himself  than  he  is  compelled  to. 
I  think  as  you  have  two  heats,  and  as  you  test  one  axle  in  every 
ten,  the  chance  of  getting  carbon  high  is  practically  eliminated. 

Mr.  Hunnings.  Mr.  Huxnixgs. — We  have  followed  the  practice  of  testing 

one  axle  in  ten,  yet  we  have  had  in  our  shops  failures  of  axles 
tested  and  accepted  imder  such  conditions.  Regarding  the 
point  Mr.  Kenney  raises,  we  have  found  that  a  driving  axle 
showing  approximately  0.30  carbon  may  be  quenched  and  not 
"drawn  back,"  and  yet  give  22  per  cent,  elongation. 

Mr.  Mahon.  Mr.  Mahon. — Would  it  not  be  well  to  give  a  little  further 

consideration  to  that  matter?  Does  not  that  0.60  carbon  seem 
like  a  concession  to  the  manufacturing  side  which  they  can 
avail  themselves  of  if  they  wish,  but  which,  as  I  think  Mr. 
Hunnings  has  very  clearly  pointed  out,  if  accompanied  by  the 
proper  and  customary  heat  treatment,  will  lead  to  results  which 
we  do  not  want?  Would  it  not  be  better  to  consider  the  possi- 
bility of  putting  somewhat  lower  limits  in  connection  with  carbon? 
That  seems  to  me  like  a  point  which  the  Committee  can  consider 
with  advantage.  I  do  not  want  all  of  the  specifications  referred 
back  to  the  Committee  for  further  consideration;  but  I  do  not 
see  that  that  criticism  has  been  answered.  I  should  be  glad  to 
hear  any  answer  that  anyone  has  to  make  to  it,  but  I  have  not 
heard  an  answer  which  seemed  to  imply  that  it  was  necessary 
to  go  as  high  as  0.60  in  carbon  en  these  steels  in  order  to  get 
the  physical  results  which  the  specifications  rccjuire. 

Mr.  K«nney.  Mk.  Ken-N'EY.— We  have  been  working  at  Cambria  under 

similar  specifications  to  those  here  proposed,  and  they  have 
always  been  considered  very  severe  specifications.  The  carbon 
in  the  steel  which  we  have  to  use  to  get  the  desired  results 
amounts  to  about  0.50  to  0.55  per  cent.,  although  it  frequently 
rises  to  a  little  above  0.55.  I  doubt  very  much  if  Mr.  Hunnings 
would  get  the  results  which  are  required  by  these  specifications, 
a  certain  tensile  strength,  a  certain  clastic  limit,  elongation, 
and  reduction  of  area,  and  a  certain  cold  bend  test — all  of  which 
are  required — by  quenching  0.30,  or  anywhere  near  o. jo  carbon 
fteel,  without  any  drawing  at  all.     I  think  that  if  instead  of 
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making  a  few  experimental  tests,  he  had  been  making  axles  of  Mr.  Kenney. 
this  size  commercially,  he  would  know  that  those  sporadic  cases 
of  his  do  not  represent  what  can  be  done  regularly  in  practice. 
This  must  be  regarded  as  a  commercial  proposition. 

Mr.  Runnings. — When  we  can  obtain  from  80,000  to  Mr.  Hunnings. 
95,000  lbs.  per  sq.  in.  tensile  strength  from  ordinary  annealed 
0.40  to  0.50  carbon-steel  driving  axles,  why  is  it  necessary,  in 
view  of  the  increased  strength  obtained  by  heat  treatment,  to 
raise  the  maximum  carbon  to  0.60  per  cent.?  That  is  my 
principal  objection  to  these  specifications.  While  the  absence 
of  a  minimum  carbon  Umit  will  permit  a  wider  range  of  chemical 
composition  than  is  desirable,  I  do  not  think  this  as  serious  as 
the  higher  carbon  permitted  by  these  specifications. 

Mr.  C.  F.  W.  Rys.— In  view  of  the  fact  that  these  specifica-  Mr.  Rys. 
tions  not  only  cover  steel  axles  but  also  shafts  and  similar  parts, 
it  is  quite  possible  that  material  will  be  ordered  under  these 
specifications  of  much  larger  sizes  than  the  standard  axle  sizes. 
The  limit  of  0.60  per  cent,  carbon  was  put  into  the  specification 
simply  to  protect  the  consumer  against  the  use  of  excessively 
high  carbon  heats  for  forgings  of  this  kind.  It  should  not  be 
necessary  to  specify  the  carbon  at  all,  because  the  hardening 
elemehts  in  steel  used  under  these  specifications  are  naturally 
limited  by  the  actual  physical  properties,  especially  the  elas- 
ticity and  ductility,  which  have  to  be  met  in  testing  such  material. 
An  undue  amount  of  harmful  impurities  in  the  steel  is  determined 
by  the  specified  check  analysis.  In  my  opinion  the  amount 
of  carbon  in  such  steel  should  be  left  entirely  to  the  manufac- 
turer, as  he  is  interested  in  producing  the  highest  quality  of 
material  by  his  best  practice,  and  this  can  be  fully  checked  by 
the  purchaser  in  making  the  specified  physical  tests.  I  have, 
however,  agreed  to  the  maximum  limit  of  0.60  per  cent,  carbon. 


REPORT  OF  COMMITTEE  A-3  ON 

STANDARD  SPECIFICATIONS  FOR  CAST  IRON 

AND  FINISHED  CASTINGS. 

Committee  A-3  on  Standard  Specifications  for  Cast  Iron  and 
Finished  Castings,  has  assigned  its  work  to  various  sub-committees 
as  follows: 

Pig  Iron.  General  Castings. 

Cast-Iron  Pipe.  Testing  Cast  Iron. 

Locomotive  Cylinders.  Micro-Structure  of  Cast  Iron. 

Car  Wheels.  Influence  of  the  Addition  of 

Malleable  Cast  Iron.  Special  Metals  to  Cast  Iron. 

The  chairman  of  each  of  these  sub-committees  has  been 
requested  to  furnish  any  matter  that  he  might  desire  to  have 
brought  before  the  annual  meeting. 

While  there  has  been  some  discussion  of  the  details  of 
various  subjects,  yet  the  only  work  that  the  Committee  desires  to 
present  to  the  meeting  is  the  proposed  revision  of  the  Standard 
Specifications  for  Locomotive  Cylinders  that  has  been  put  fcfrward 
by  the  sub-committee  on  that  subject.  These  proposed  s|x?cifica- 
tions  were  discussed  at  a  meeting  of  Committee  A-3  on  June  10, 
and  have  been  approved  by  letter  ballot  of  that  Committee. 
They  arc  appended  to  this  report. 

Respectfully  submitted  on  behalf  of  the  Committee, 

Walter  Wood, 

Cliatrtnan. 
Richard  Moldenke, 
Secreiiiry. 

Note. — On  the  recommendation  of  the  Committee,  no  action 
was  taken  bv  the  Society  on  these  proi>oscd  revised  specifications. 
—Ed. 
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PROPOSED  REVISED  STANDARD  SPECIFICATIONS 
FOR   LOCOMOTIVE    CYLINDERS. 

1.  Locomotive  cylinders  shall  be  made  from  good  quality,  Process  of 
close-grained  gray  iron,  cast  in  a  dry  mold.  Manufacture. 

2.  Drillings  taken  from  test  pieces  as  hereafter  mentioned  Chemical 
shall  conform  to  the  following  limits  in  chemical  composition :  ^°^^ 

Phosphorus Xot  over  o  .  90   per  cent. 

Sulphur "        "      o.io      "       " 

In  case  of  rejection  on  this  analysis,  the  manufacturer  shall  have 
the  option  of  analyzing  drillings  from  the  bore  of  the  cylinder, 
upon  which  analysis  the  acceptance  or  rejection  of  the  cylinder 
shall  be  based. 

3.  At  the  option  of  the  purchaser,  two  test  bars,  each  i^  ins.  Physical 
in  diameter  and  about  14  ins.  long,  may  be  cast  for  each  cylinder.    ^°^^ 
When  placed  horizontally  upon  supports  12  ins.  apart  and  tested 
under  a  centrally  applied  load,  these  test  bars  shall  show  an  average 
transverse  strength  of  not  less  than  3,000  lbs.,  and  an  average 
deflection  not  less  than  0.09  in. 

The  above  test  pieces  shall  be  cast  on  end  in  dn-  sand,  the 
metal  being  taken  from  the  ladle  before  pouring  into  the  cylinder 
mold. 

4.  Before  pouring,  a  sample  of  the  iron  shall  be  taken  from  ChUL 
the  ladle  and  chilled  in  a  cast-iron  mold  of  the  dimensions  shown 

in  Fig.  I. 

The  sample  shall  be  allowed  to  cool  in  the  mold  until  it  is 
dark  red,  or  almost  black,  when  it  shall  be  knocked  out  and 
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quenched  in  water.     The  sample,  on  being  broken,  must  show  a 

close-grained,  well-mottled  gray  iron,  with  a  well-defined  border 

of  white  iron  at  the  bottom  of  the  fracture. 
Character  of  5-     Castings  shall  be  smooth,  well  cleaned,  free  from  blow- 

Castings,       holes,  shrinkage  cracks,  or  other  defects  sufficiently  extensive  to 

impair  the  value  of  the  casting,  and  must  finish  to  blue-print  size. 


Each  cylinder  shall  have  cast  on  each  side  of  the  saddle  the 
manufacturer's  mark,  serial  number,  date  made,  and  mark  showing 
order  number. 

The  inspector  representing  the  purchaser  shall  have  all  reason- 
able facilities  afforded  to  him  by  the  manufacturer  to  satisfy  himself 
that  the  finished  material  is  furnished  in  accordance  with  these 
specifications.  All  tests  and  inspections  shall  be  made  at  the  place 
of  the  manufacturer. 


REPORT  OF  COMMITTEE  A-4  ON 
HEAT  TREATMENT  OF  IRON  AND  STEEL. 

The  Committee  on  Heat  Treatment  of  Iron  and  Steel  has 
been  in  existence  a  good  many  years,  and  has  devoted  itself 
principally  to  the  work  of  research.  A  few  years  ago  it  offered 
a  report  which  was  in  the  nature  of  specifications,  which  were 
not  pressed  for  adoption  by  the  Society.  This  time  the 
Committee  appears  before  you,  not  with  a  set  of  specifications, 
but  of  practice  recommended.  We  propose  this  practice 
recommended  for  annealing  miscellaneous  rolled  and  forged 
carbon-steel  products. 

A  specification  is  something  which  is  specific.  These  are 
generic;  therefore  we  think  they  are  not  specifications,  but  are 
general  rules  covering  heat  treatment  of  rolled  and  forged  carbon- 
steel  products.  It  is  thought  well  that  the  Society  should  stamp 
with  its  approval  rules  which  may  be  used  by  steel  makers  and 
steel  users  who  do  not  themselves  possess  great  familiarity  with 
the  subject,  and  who  need  information.  These  rules  may  be 
useful  also  in  the  framing  of  specifications  between  buyer  and 
seller.  The  Committee  accordingly  recommends  that  the 
"Practice  Recommended  for  Annealing  Miscellaneous  Rolled 
and  Forged  Carbon-Steel  Objects,"  appended  to  this  report,  be 
referred  to  letter  ballot  of  the  Society. 

Respectfully  submitted  on  behalf  of  the  Committee, 

H.  M.  Howe, 

ChairmaK. 

Note. — The  Proposed  Practice  Recommended  for  Annealing 
Miscellaneous  Rolled  and  Forged  Carbon-Steel  Objects  was 
adopted  by  letter  ballot  of  the  Society  on  August  21,  191 1,  and 
follows  this  report. — Ed. 

[For  Discussion  of  this  report,  see  pages  92-99.] 

(85) 


AMERICAN   SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,  PA.,  U.  S.  A. 

AFFILIATED    WITH    THE 

International  Assoclation  for  Testing  Materials. 


PRACTICE    RECOMMENDED    FOR   ANNEALING    MIS- 
CELLANEOUS   ROLLED   AND    FORGED 
CARBON-STEEL  OBJECTS, 

Adopted  August    21,    jgri. 

1.  Purpose  and  General  Procedure. — The  usual  purpose  in 
annealing  miscellaneous  forged  or  rolled  carbon-steel  objects  is  to 
remove  existing  coarseness  of  grain.  This  removal  is  brought 
about  by  heating  the  object  to  an  annealing  temperature,  which 
varies  with  the  carbon  content  of  the  metal.  But  the  rate  at  which 
the  object  cools  from  this  annealing  temperature  influences  its 
proi>ertics  ver>'  profoundly.  Hence  this  rate  of  cooling  should  be 
suited  to  the  duties  which  the  object  has  to  perform  in  service,  and 
hence  to  the  properties  which  we  seek  to  give  it. 

Therefore  these  specifications  first  consider  the  annealing 
temperature  to  which  the  piece  must  be  heated  in  order  to  remove 
existing  coarse  grain,  and  then  the  rate  of  cooling  from  that  tem- 
perature. 

Under  certain  special  conditions  an  annealing  is  required  in 
order  to  remove,  not  coarseness  of  grain,  but  the  effects  of  rolling 
or  otherwise  working  the  metal  at  a  temperature  so  low  as  to  set  up 
serious  internal  stress.  Api)ropriate  treatment  for  these  conditions 
is  given  in  Section  14. 

As  these  siKxrifications  are  intended  to  apply  to  a  great  variety 
of  miscellaneous  objects,  they  arc  purposely  made  suggestive  rather 
than  mandator)'  in  many  respects,  because  no  single  set  of  rules 
tan  be  applied  rigorously  to  such  widely  var)ing  classes  of  objects 
Aod  purpoeet. 
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Annealing  for  REMO\n[NG  Existing  Coarse  Grain. 

2.  Method  0}  Heating. — In  the  case  of  large  objects,  the  heat- 
ing of  the  interior  of  which  lags  behind  that  of  the  outside,  though 
the  early  part  of  the  heating  may  if  desired  be  rapid,  the  final 
approach  to  the  annealing  temperature  aimed  at  should  be  slow, 
so  that  the  interior  may  be  brought  fully  up  to  it  without  carrying 
the  exterior  far  beyond  it,  because  in  general  any  needlessly  high 
temperature  is  injurious,  and  tends  to  re-coarsen  the  grain.  The 
temperature  should  be  held  long  enough  at  the  annealing  point  to 
insure  that  the  whole  of  the  interior  reaches  that  point,  and  that 
the  refining  of  the  grain  may  become  complete.  An  exposure  of  one 
hour  should  be  long  enough  for  pieces  twelve  inches  thick.  Thicker 
pieces  need  a  longer  heating. 

3.  Control  oj  Temperature.  Pyrometers. — For  all  important 
work  in  careful  hands  the  use  of  some  trustworthy  pyrometer  is 
strongly  recommended.  But  most  pyrometers  should  be  checked 
frequently  against  some  standard.  For  those  who  are  unwilling  to 
take  this  trouble  it  is  safer  to  rely  on  a  trained  eye  than  on  an 
unchecked  pyrometer.  The  operator  should  have  clearly  before 
him  the  fact  that  no  pyrometer  indicates  the  temperature  of  the 
interior  of  the  object  heated,  and  that  the  temperature  which  most 
pyrometers  indicate  is  one  between  the  temperature  of  the  outside 
of  the  object  heated  and  the  temperature  of  the  flame  which  is 
supplying  the  heat.  Wherever  practicable  the  part  of  the  pyro- 
meter which  is  supposed  to  reach  the  temperature  of  the  object 
heated  should  be  in  immediate  contact  with  that  object,  and  should 
be  protected  from  the  flame  or  other  source  of  heat  by  a  suitable 
insulation,  as  for  instance  by  covering  it  with  sand.  In  important 
cases  the  gas  or  other  source  of  heat  should  be  shut  off  for  at  least 
ten  minutes  before  taking  the  observation. 

4.  Control  Without  the  Use  of  a  Pyrometer. — In  working 
without  a  pyrometer  and  relying  on  the  eye,  the  light  surrounding 
the  furnace  should  be  dull,  and  should  be  kept  as  nearly  constant  as 
practicable,  in  order  that  the  eye  may  not  be  misled  by  the  chang- 
ing contrasts  between  the  surrounding  light  and  that  of  the  object 
heated.  In  particular,  direct  sunlight  should  be  excluded,  and 
any  arc  or  other  strong  lights  should  be  so  placed  that  neither  they 
themselves  nor  any  concentrated  part  of  their  light  is  in  the  field 
of  the  operator's  sight  when  he  is  estimating  by  eye  the  temperature 
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of  the  objects  to  be  annealed.  Allowance  should  be  made  for  the 
brighter  surroundings  by  day  than  at  night,  and  on  sunny  than  on 
dark  days. 

5.  Magnetic  Indications. — ^The  annealing  temperature  for 
steels  containing  between  0.50  and  0.90  per  cent,  of  carbon  is  that 
at  which  the  metal  suddenly  ceases  to  be  magnetic.  This  fact  may 
sometimes  be  used  for  the  purpose  of  fixing  or  verifying  the 
annealing  temperature. 

6.  Annealing  Temperature. — In  general,  the  higher  the  carbon 
content  the  lower  should  be  the  annealing  temperature.  Hence 
different  temperatures  are  given  for  different  ranges  of  carbon 
content.  Further,  in  order  to  bring  the  interior  of  large  objects 
up  to  an  effective  annealing  temperature,  their  outside  may  often 
be  raised  advantageously  somewhat  above  that  temperature. 
Hence  for  each  range  of  carbon  content  a  range  of  temperature 
is  given.  The  upper  limit  of  this  range  applied  (i)  to  larger  ob- 
jects, and  (2)  to  the  lower  part  of  the  range  of  carbon  content  given. 

The  following  ranges  of  temperature  should  be  used  for  the 
several  ranges  of  carbon  content  indicated.  They  refer  to  the 
usual  moderate  manganese  content.  For  steels  with  a  manganese 
content  greater  than  0.75  per  cent,  slightly  lower  temperatures 
suffice. 

Range  of  Carbon  Content.  Range  of  Annealing  Temperature. 

Less  than  0.12  per  cent.  875  to  925*0.  (1607-1697*  F.) 

o.i3too.39         "       "  840    "870    "    (1544-1598.  ") 

0.30   "0.49         "       "  815   "840    "    (1499-1544.  ••) 

0.50    "  i.oo  "       "  790    "815    "    (1454-1499.") 

7.  Care  in  Heating. — Care  should  be  taken  that  all  parts  of  the 
object  reach  the  same  temperature.  To  that  end  it  may  be  ncces- 
sar>'  to  mask  from  the  heat,  by  means  of  bricks,  the  thinner  part 
of  objects  of  varying  thickness.  When  the  heating  is  nearly 
finished,  these  bricks  may  be  removed.  In  particular  the  flame 
should  never  be  allowed  to  touch  any  part  of  the  object  under 
treatment. 

8.  Cooling. — ^After  the  object  has  been  held  at  the  annealing 
temperature  long  enough  to  make  its  temperature  nearly  uniform 
throughout,  and  to  complete  the  refining  of  the  grain,  it  should 
be  cooled  in  a  way  suited  to  its  carbon  content  and  to  giving  it  the 
specific  properties  needed.    The   general   principles   are:  first, 
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the  higher  the  carbon  the  slower  should  be  the  cooling;  and 
second,  the  slower  the  cooling  the  softer  and  more  ductile  the  metal 
will  be,  and  the  lower  will  be  its  tensile  strength,  elastic  limit,  and 
yield  point.  The  greatest  softness  and  ductility  are  obtained  at  a 
certain  sacrifice  of  strength  and  elasticity,  and  the  greatest  strength 
and  elasticity  at  a  certain  sacrifice  of  softness  and  ductility. 

For  most  purposes  neither  of  these  extremes  is  desired,  and  it 
is  not  only  sufficient  as  regards  quality  but  economical  to  remove  the 
object  from  the  furnace  as  soon  as  it  has  been  thoroughly  annealed, 
and  to  allow  it  to  cool  in  air,  always  completely  protected  not  only 
from  rain  and  snow  but  from  sharp  drafts  of  air.  Objects  con- 
taining more  than  o.  50  per  cent,  of  carbon  should  cool  more  slowly 
till  the  color  dies  out,  say  at  500°  C.  (932°  F.),  as  for  instance  by 
leaving  them  in  the  furnace.  They  may  then  be  removed  and 
cooled  in  air.  Further,  thin  objects  containing  between  0.25  and 
0.50  per  cent,  of  carbon  should  be  treated  like  those  of  0.50  per 
cent,  of  carbon,  unless  they  can  be  so  massed  together  that  their 
collective  bulk  will  retard  their  cooling,  so  that  they  will  collec- 
tively cool  even  in  air  with  moderate  slowness,  like  single  large 
objects. 

Special  Annealing  Methods. 

9.  The  foregoing  methods  are  economical  because  they  release 
the  furnaces  early  for  further  use.  In  case  special  qualities  are 
desired  the  following  methods  may  be  used. 

10.  To  Give  the  Greatest  Softness  and  Ductility  of  which  the 
metal  is  capable,  even  at  a  certain  sacrifice  of  strength  and  elastic 
limit,  for  instance  for  ease  of  machining  or  to  resist  a  small  number 
of  severe  distortions,  the  metal  should  be  cooled  slowly,  either 
within  the  furnace,  or  in  the  case  of  large  objects,  under  a  cover 
of  lime,  clay,  or  other  slow  conductor  of  heat.  The  slower  the 
cooling  and  the  lower  the  temperature  to  which  slow  cooling  is 
carried,  the  softer  and  weaker  will  the  steel  be.  But  for  most 
cases  for  which  even  unusual  softness  and  ductility  are  required,  it 
suffices  to  remove  the  object  from  the  furnace  when  it  has  become 
dead  black,  and  to  cool  it  thenceforth  in  aiio 

11.  To  Give  Great  Tensile  Strength  and  High  Elastic  Limit 
even  at  a  certain  sacrifice  of  ductility,  the  cooling  should  be  more 
rapid,  the  rapidity  to  be  governed  by  the  thickness  and  carbon 
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content  of  the  object.  Thin  objects  and  those  with  high  carbon 
content  cannot  stand  so  rapid  a  cooling  as  thick  and  low-carbon 
ones,  lest  their  ductilit}^  be  too  far  sacrificed.  For  instance,  thick 
objects  with  less  than  0.50  per  cent,  of  carbon  may  be  cooled  com- 
pletely in  air,  of  course  protected  from  rain  or  snow.  Objects 
with  0.50  per  cent,  of  carbon  or  more,  and  thin  objects  with  from 
0.30  to  0.50  per  cent,  of  carbon,  may  be  cooled  in  air  if  their  cooling 
is  somewhat  retarded,  as  for  instance  by  massing  them  together, 
as  happens  in  the  case  of  rails. 

12.  To  Give  an  Utiusually  High  Comhination  0}  Ductility 
with  Tensile  Strength  and  Elastic  Limit.  Water  or  Oil  Quenching 
and  Annealing. — ^This  process  needs  great  care  and  intelligence, 
and  should  in  general  be  used  only  by  those  familiar  with  high- 
grade  steels.  After  holding  at  the  annealing  temperature  suited 
to  the  particular  steel,  as  indicated  in  Section  6,  the  object  is 
quenched  in  oil,  which  should  be  kept  in  circulation.  It  may  be 
quenched  in  water  if  its  carbon  content  is  so  low  and  its  shape  so 
simple  that  it  is  not  in  danger  of  cracking  or  receiving  permanently 
harmful  stress.  In  any  event  the  danger  of  such  cracking  and 
stress  is  lessened  by  removing  the  object  from  the  oil  or  water 
before  it  has  cooled  completely,  say  when  its  temperature  has 
fallen  to  160°  C.  (320°  F.).  It  should  if  possible  not  cool  below 
100°  C.  (212°  F.)  and  certainly  not  below  20°  C.  (68°  F.).  The 
annealing  should  begin  within  a  very  few  hours  after  the  quenching 
and  if  jx)ssible  without  ever  allowing  the  piece  to  cool  below 
100°  C.  (212°  F.)  and  certainly  not  below  20°  C.  (68°  F.). 

The  steel  thus  hardened  should  next  be  annealed  by  heating 
to  a  temperature  suited  for  giving  the  properties  needed.  "  In 
general  the  higher  this  annealing  goes,  the  more  ductile  will  the 
steel  become,  and  the  lower  will  be  its  strength  and  elastic  limit. 

For  very  high  clastic  limit  and  tensile  strength,  anneal  at  500° 
to  650°  C.  (932°  to  1202°  F.).  In  this  case  the  ductility  will  be  low. 
Some  steels,  such  as  watch-springs  and  shafting,  are  annealed  at 
350**  C.     Little  commercial  annealing  is  done  below  500°  C. 

For  intermediate  tensile  strength,  elastic  limit,  and  ductility, 
best  suited  to  the  majority  of  cases,  anneal  at  ()00°  to  650°  C. 
(1112**  to  1202**  F.). 

For  the  grcatcHt  ductility,  with  gcxnl  strength  and  elastic  limit, 
anneal  at  from  725**  to  750°  C.  (1337°  to  1382°  F.). 
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The  object  should  be  held  at  this  second  annealing  tempera- 
ture long  enough  not  only  to  allow  its  interior  to  re'^.ch  it,  but  also 
to  relieve  the  stress  given  in  the  water  or  oil  quenching.  For  pieces 
of  moderate  thickness  a  four-hour  exposure  should  suffice. 

13.  To  Give  a  Moderate  Increase  0}  Strength  and  Elastic  Limit 
above  that  Given  by  a  Simple  Slow  Cooling,  without  the  Full  Sacri- 
fice 0}  Ductility  which  a  Simple  Air  Cooling  would  Cause. — After 
holding  at  the  annealing  temperature  suited  to  the  carbon  content, 
as  indicated  in  Section  6,  hasten  the  cooling  till  the  object  is  at  a 
dull  red,  say  650°  C.  (1202°  F.),  and  henceforth  cool  slowly.  The 
hastening  of  the  cooling  may  be  brought  about  in  the  case  of  thin 
objects  in  relatively  shallow  furnaces  by  opening  the  furnace  door 
till  the  temperature  falls  to  dull  redness;  or  by  running  the  objects 
out  into  the  air  on  a  movable  car-bottom,  and  returning  them  to 
the  furnace  when  they  have  cooled  to  dull  redness;  or  even,  in  the 
case  of  objects  with  not  over  0.50  per  cent,  carbon  and  not  too 
thin,  by  a  temporary  immersion  in  oil  or  even  water,  followed  by  a 
return  to  the  furnace.  In  cases  in  which  such  operations  are  to  be 
performed  frequently,  special  unfired  chambers  may  be  used  for 
the  final  slow  cooling,  thus  lea\'ing  the  annealing  furnaces  proper 
available  for  their  regular  work.  The  results  obtained  in  this  way 
are  not  as  good  as  those  obtained  with  the  method  described  in 
Section   11. 

14.  Special  Annealing  to  Remove  the  Efjects  of  Rolling  or 
Otherwise  Working  the  Object  in  the  Cold  or  at  any  Unduly  Low 
Temperature. — ^The  object  should  be  heated  to  about  775°  C. 
(1427°  F.)  and  cooled  with  a  slowness  which  should  increase  with 
the  thickness,  i.  e.,  the  least  dimension  of  the  piece.  In  the  case 
of  thin  plates  a  mere  heating  to  725°  C.  (1337°  F.),  followed  imme- 
diately by  slow  cooling,  should  suffice.  In  the  case  of  thick  forg- 
ings,  in  which  much  time  may  be  needed  to  allow  severe  stress  to 
relieve  itself,  the  sojourn  at  775°  C.  (1427°  F.)  may  be  prolonged 
for  several  hours,  though  always  at  the  cost  of  superficial  decar- 
burizing. 

Such  annealing  for  steel  containing  less  than  0.15  per  cent, 
carbon  should  be  at  900°  C.  (1652°  F.).  Great  brittleness  may 
be  caused  by  annealing  very  low  carbon  steel  in  the  neighborhood 
of  700°  C.  (1292°  F.),  after  cold  working. 


DISCUSSION. 


Mr. Howe.  Mr.  H.  M.  Howe  {Chairman,  Committee  A-4). — The  Com- 

mittee has  enlarged  itself  by  adding  representatives  of  the  manu- 
facturers, Mr.  Acker,  Mr.  linger,  Mr.  Furness  and  Mr.  Kenney. 
A  meeting  of  the  Committee  was  held  yesterday  (June  2  7 , 1 9 1 1 ) ,  at 
which  these  gentlemen  were  present,  together  with  Mr.  Christie, 
of  the  Executive  Committee,  Mr.  Aertsen,  and  Mr.Zimmerschicd; 
and  this  recommendation  practice  was  gone  over  very  carefully 
paragraph  by  paragraph.  A  few  changes  of  form — they  were 
all  practically  of  form — were  introduced,  and  the  report  was 
unanimously  passed  at  this  meeting,  which  was  a  meeting  of 
the  Committee  itself  plus  a  number  of  gentlemen  invited  for 
the  purpose  of  aiding  the  Committee  with  their  counsel. 
Through  a  misunderstanding  which  need  not  be  gone  into  now, 
these  recommendations  have  not  been  printed,  and  they  are 
here  only  in  t}pewritten  form.  It  is  a  matter  dependent  on  one's 
point  of  view  as  to  whether  it  is  advisable  that  such  recommenda- 
tions—such recommended  practice — should  bear  the  stamp  of 
the  ScKiety,  that  it  should  even  be  referred  to  letter  ballot. 
before  the  meeting  as  such  has  had  a  chance  to  examine  it  in 
detail.  Of  course  those  who  believe  in  strict  adherence  to  pre- 
cedent and  law  have  the  law  on  their  side.  There  are  others 
who  look  to  the  question  of  utility  rather  than  the  law.  This 
recommended  practice  was  manifolded  and  sent  to  every  member 
of  Committee  A  i,  and  the  only  recommendation  that  was 
made  by  that  Committee  was  adopted  as  an  ailmirable  one. 
I  do  not  want  to  go  so  far  as  to  say  that  that  Conunittee 
has  considered  it  in  such  detail  as  to  have  brought  out  every 
recommendation  which  they  had  to  make;  but  their  recommen- 
dation was  tli.it  tlii^  report  .should  be  presented  and  passed  as  a 
re|)ort. 

I  appreciate  the  legal  weakness  of  our  own  position,  yet 
nevertheless  I  make  the  motion  that  this  recommended  practice 
be  submitted  to  the  Society  for  letter  ballot.    [Motion  seconded.] 
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I  make  that  motion  on  the  ground  that  the  Society  never  Mr.  Howe, 
has  endorsed  any  directions  for  heat  treatment,  and  that  we 
believe  that  such  directions  will  be  of  value  to  a  great  number  of 
people.  The  Committee  does  not  propose  to  stop  here,  but 
proposes  to  go  right  on  to  increase,  to  improve,  and  probably 
to  enlarge  these  rules.  I  can  say  unofficially  that  the  Com- 
mittee will  be  glad  to  get  from  the  Society,  or  from  anybody 
else  who  is  informed  on  these  matters,  all  possible  light,  and  that 
all  such  recommendations  will  be  given  careful  consideration. 

Mr.  Mansfield  Merriman  (in  the  Chair). — Gentlemen,  the  The  Chairman, 
motion  is  made  and  seconded  that  these  general  rules  or  recom- 
mendations for  the  heat  treatment  of  iron  and  steel  shall  be 
received  and  sent  out  for  letter  ballot  of  the  Society.    Are  there 
any  remarks  thereon? 

Mr.  R.  W.  Hunt. — May  I  ask  if  there  are  any  reasons  why  Mr.  Hunt, 
the  report  cannot  be  read  to  us? 

Mr.  Howe. — No  reasons,  sir,  except  the  matter  of  time.     It  Mr.  Howe, 
can  be  read  if  called  for. 

Mr.  Hunt. — I  think  we  will  all  accept  with  humility  and  Mr.  Hunt, 
great  confidence  anything  that  this  Committee  does.     At  the 
same  time  we  would  vote  a  great  deal  more  intelligently  if  the 
report  were  read.     Knowing  the  condition  of  your  voice  I  do  not 
ask  you  to  do  so;  but  cannot  you  ask  some  one  else  to  read  it? 

[At  the  invitation  of  Mr.  Howe,  the  report  was  read  by 
Mr.  Albert  Sauveur.] 

Mr.  Hunt. — After  listening  to  this  most  admirable  report,  Mr.  Hunt, 
which  shows  so  much  labor  and  which  certainly  gives  a  great 
deal  of  information,  it  strikes  me  that  it  is  not  one  which 
should  be  submitted  to  the  Society  for  letter  ballot.  Some  of 
us  might  not  have  sufficient  knowledge  to  vote  intelligently  on 
many  points.  Again,  it  is  nt)t  presented  as  a  specific  matter 
to  govern  the  annealing  process,  but  as  a  matter  of  information; 
and  it  strikes  me  that  the  better  and  certainly  a  respectful  way 
to  the  Committee  in  recognition  of  their  labors,  would  be  to  have 
the  meeting  receive  their  report,  and  have  it  spread  upon  our 
minutes,  and  that  it  go  before  our  Society  in  our  papers  published 
to  the  world,  as  a  valuable  contribution,  but  not  as  specifications. 
I  would  therefore  move  that  that  action  be  taken.  [Motion 
seconded.] 
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The  Chairman.  The  CHAIRMAN. — The  Chair  Understands  that  the  motions 

that  were  made  previous  to  the  reading  of  the  paper  have  been 
vsithdrawn,  and  the  motion  now  before  you  is  that  this  report 
be  received,  spread  upon  the  minutes,  and  printed  for  the  infor- 
mation of  the  Society  and  the  world.  Are  there  any  remarks 
on  that  motion? 

Mr.  Howe.  Mr.   Ho\\'e. — Mr.    Chairman,    I   appreciate    Mr.    Hunt's 

remarks.  My  feeling  is,  however,  that  we  want  something  a  little 
more  than  that.  I  admit  that  it  is  a  question  whether  that  "more" 
should  be  given  immediately,  or  should  be  postponed;  but  my 
feeling  is  that  something  more  should  be  done  with  the  report 
than  simply  to  spread  it  upon  the  minutes,  which  does  not  carry 
very  much  weight. 

The  specifications  of  this  Society  as  such  carry  weight 
because  they  have  been  adopted  and  certified  by  the  Society. 
It  may  not  be  so  pressing  in  cases  of  this  kind  as  in  the  case  of  a 
sp)ecification ;  the  conditions  are  not  exactly  alike ;  but  I  do  not 
know  that  there  is  a  very  great  difference.  I  should  like  to  see 
those  recommendations  for  heat  treatment  adopted  by  the 
Society.  I  assume  that  when  these  letter  ballots  go  out  for 
action  every  member  who  does  not  feel  competent  to  vote  will 
say  to  himself,  "I  do  not  know  anything  about  the  subject;  I 
cannot  vote  intelligently,  so  I  will  not  vote."  I  do  not  take 
it  that  members  possessing  the  intelligence  of  the  individuals 
comprising  this  body  will  vote  "in  the  air"  or  cast  their  votes  at 
all  on  questions  which  they  feel  themselves  incompetent  to  answer. 
I  do  not  think  that  is  the  state  of  the  case.  I  think  that  would 
meet  part  at  least  of  what  Mr.  Hunt  has  in  mind. 

On  the  other  hand,  there  are  a  great  many  members  of 
the  Society  who  have,  considerable  knowledge  of  one  kind  or 
another  on  all  these  points  which  arc  here  brought  out;  and 
I  think  that  these  recommendations  should  go  before  these 
gentlemen  quietly  at  their  homes  or  at  their  olTices — wherever 
they  burn  the  midnight  oil  so  that  they  will  ha\e  a  chance  to 
look  them  over  in  detail,  and  if  they  do  not  approve  of  them 
to  .say  »o  frankly.  But  I  do  feel  that  the  good  which  these 
rules  would  do  would  be  greater  if  they  were  endorsed  by 
the  Society,  ami  that  thereby  they  would  carry  much  more 
weight  than  by  simply  going  out  over  the  names  of  any  commit- 
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tee,  no  matter  how  illustrious  that  committee  might  be.  In  Mr.  Howe 
this  particular  case,  with  the  pains  that  have  been  taken  to  con- 
sult with  those  who  are  best  informed  in  all  countries,  and 
especially  in  this  country,  and  with  the  agreement  which  has 
been  reached  without  opposition  or  difference  of  opinion,  the 
unanimous  agreement  that  has  been  reached  on  all  of  these  specific 
points  has  certainly  raised  such  a  presumption  in  favor  of  these 
rules  being  of  value,  that  I  think  the  Society  can  profitably  send 
them  out  to  the  members  to  read  at  home  and  vote  on,  or  not  vote 
on,  according  to  whether  they  feel  competent  to  vote,  or  incom- 
petent. I  hope  that  action  will  be  taken.  Therefore,  I  move 
as  an  amendment  to  Mr.  Hunt's  motion,  that  this  report  be  sent 
out  to  letter  ballot  of  the  Society  as  recommended  practice. 
[Motion  seconded.] 

Mr.  Edgar  Marburg  (Secretary). — Mr.  Chairman,  the  The  Secretary, 
difference  in  effect  of  Mr.  Hunt's  motion  and  that  of  Mr. 
Howe,  in  so  far  as  the  members  of  the  Society  are  concerned, 
lies  essentially  in  this:  if  Mr.  Hunt's  motion  should  pre- 
vail this  report  would  be  printed  once  in  our  Proceedings, 
and  afterwards  lost  sight  of  by  most  of  our  members  ;  while 
the  other  motion  would  give  the  report  a  permanent 
place  in  our  Year-Book,  as  "recommended  practice."  The 
conditions  in  this  case,  it  seems  to  me,  are  analogous  to,  if 
not  identical  with,  the  conditions  surrounding  the  now  stand- 
ard methods  of  testing  which  appear  in  the  Year-Book. 
These  standard  methods  of  testing  are  not  incorporated  in  any 
specifications.  It  might  have  been  well  in  this  case  too  to 
have  used  the  words  "Standard  Methods  of  Testing"  in  the 
title,  instead  of  the  words  "Recommended  Practice,"  since  the 
conditions  are  essentially  ahke.  Personally  I  should  regard  it 
as  unfortunate  if  a  report  of  this  kind  should  be  printed  once  in 
the  Proceedings  and  not  given  a  place  in  the  Year-Book. 

Mr.  Hunt.— I  certainly  do  not  wish  to  favor  any  action  Mr.  Hunt, 
that  will  cause  that  valuable  report  to  become  pigeon-holed. 
At  the  same  time  I  still  feel  as  though  the  letter  ballot  proposition 
ought  to  be  on  a  thing  that  has  to  be  settled  yes,  or  no,  as  the 
action  of  the  Society.  If  all  votes  are  cast  with  the  consideration 
that  Mr.  Howe  outlines,  it  will  be  a  very  valuable  endorsement. 
Would  it  be  parliamentary  and  consistent  with  our  rules  if  my 
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Mr.  Hunt.  motjon  should  be  amended  so  as  to  read  that  the  report  be 
received  and  printed  in  our  Year-Book?  I  agree  that  it  is  a  live 
subject  which  ought  to  come  before  our  attention;  it  is  a  treatise 
on  heat  treatment  that  is  very  valuable.  There  are  definite  points 
given.  At  the  same  time  we  all  know  that  heat  treatment  is 
like  tempering,  that  one  man  with  the  same  instrument  and  with 
the  same  tools  and  the  same  faciUties  will  produce  an  entirely 
diflferent  result  from  another  man.  We  have  to  consider  the 
value  of  personal  skill  in  handling  heat  as  to  the  effects  we  get 
from  it.  Now  this  is  a  treatise  on  the  subject ;  in  fact,  information 
that  goes  beyond  a  mere  treatise,  and  therefore  it  is  very  valuable, 
and  we  ought  to  have  it  where  any  of  us  can  refer  to  it.  If  the 
ordinary  course  does  put  it  in  a  place  where  the  members  cannot 
turn  to  it  with  convenience,  I  would  amend  my  motion  to  that 
it  be  received  and  ordered  printed  in  our  Year-Book.  May  I 
do  that? 

The  Secretary.  ThE   SECRETARY. — Undoubtedly. 

Mr.  Hunt.  Mr.  Hunt. — Then,  with  the  permission  of  the  Secretary,  I 

will  amend  my  motion  to  that  extent. 

Mr.  Howe.  Mr,  Howe. — I  do  not  think  that  is  such  an  endorsement  as 

the  Committee  will  be  Cjuite  willing  to  accept.  Mr.  Hunt  thinks 
so  much  of  us  that  he  wants  the  meeting  to  pass  this  into  the 
Year-Book.  That  is  what  we  are  after  too;  but  he  wants  to 
pass  it  into  the  Year-Book  without  submitting  it  to  the  criticism 
through  letter  ballot  of  the  members  of  the  Society.  I  feel  that 
the  Committee  would  like  to  have  this  report  perfected  by  careful 
study  by  the  memlx?rs  at  home;  opportunity  for  which  study 
would  be  given  by  the  proposed  letter  ballot.  If  it  should  aj^pear 
that  we  have  erred,  the  letter  ballot  would  decide  that.  \Miereas 
if  you  pass  the  motion  last  made,  and  as  now  amended,  you  are 
accepting  our  report  without  giving  the  members  of  the  Society 
any  chance  to  study  it  in  detail,  as  it  should  be  studied  in  detail, 
l)y  those'who  arc  familiar  with  the  subject. 

The  ch«irm«n.  TiiE  CHAIRMAN. — The  Chair  asks  one  moment  to  state  his 

own  (xrrsonai  belief  in  regard  to  this  matter.  This  is  a  society 
for  testing  materials  and  for  studying  tests  after  they  have  been 
made.  Thus  our  Committee  on  Methods  of  Testing  has  rejiorted 
Standard  mcthixis  for  conducting  tests  upon  which  letter  ballots 
have  been  had.    This  hns  been  cited  as  an  argument  in  favor  of 
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dealing  similarly  with  the  report  before  us;   but  it  seems  to  me  The  Chairman. 

that  this  report  deals  with  methods  of  manufacture,  a  subject 

very  different  from  anything  that  has  come  before  this  Society 

during  its  history.     If  we  are  to  open  the  door  to  submit  to  letter 

ballot  methods  of  manufacture,  it  is  probable  that  we  shall  have 

plenty  to  do  in  future  years. 

Mr.  J.  H.  Parker.—  In  view  of  the  discussion  which  has  Mr.  Parker. 
arisen  regarding  the  report  of  this  Committee,  it  would  seem  best 
to  have  the  report  printed  and  sent  to  the  members  of  the 
Society  for  consideration  next  year,  in  the  meantime  referring 
the  report  back  to  the  Committee  to  be  brought  up  again  at  the 
next  annual  meeting.  That  would  give  the  members  of  the 
Society  a  chance  to  examine  it  and  intelligently  discuss  it  next 
year. 

The  Secretary. — In  the  abstract  such  a  procedure  might  The  Secretary, 
have  the  effect  indicated;  but  practically  it  does  not  work  out 
that  way.  We  have  had  experience  in  such  matters  time  and 
time  again.  Attention  for  the  moment  is  centered  on  this 
particular  subject,  but  if  the  report  is  printed  in  the  Proceedings, 
even  though  it  should  be  stated  that  discussions  for  next  year 
are  particularly  desired,  busy  men  are  not  apt  to  respond  to 
anything  so  indefinite.  It  is  hardly  to  be  expected,  therefore, 
that  the  conditions  next  year  would  be  found  to  differ  essentially 
from  the  conditions  now,  unless  the  Committee  should  in  the 
meantime  find  good  reason  to  modify  its  present  recommenda- 
tions. 

Mr.  Howe. — I  think  the  Secretary  has  commented  wisely  on  Mr.  Howe, 
this.  We  never  put  out  any  perfect  documents  in  this  Society. 
We  want  to  do  some  work  on  this  while  we  are  ali\e.  A  year  is 
a  year.  Now  a  great  deal  goes  on  in  a  year.  There  is  a  great 
deal  of  steel  made  in  a  year  by  a  great  many  men.  In  this  coming 
year  there  will  be  a  great  many  men  who  will  want  these 
figures  for  their  information.  If  we  put  this  forth  as  being 
worth  something,  they  will  have  confidence  in  this  Society,  and 
perhaps  in  the  course  of  the  year  we  shall  be  able  to  stir  somebody 
up  to  think  of  some  points  in  which  these  rules  can  be  improved. 
If  you  lose  a  year  what  have  you  to  show  for  it?  Perhaps 
thirty  or  forty  years  will  limit  the  life  of  most  of  us,  and  who 
wants  to  waste  a  year?     What  are  you  going  to  gain  by  post- 
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Mr.  Howe.  poning  foF  a  year?  Nothing  would  ever  have  been  accomplished 
by  this  Society  if  at  every  annual  meeting  when  a  report  came 
up  a  remark  had  been  made  that  this  specification  might  be 
improved  in  some  minutae,  and  therefore  ought  to  be  referred 
back  to  the  Committee.  If  you  wait  until  you  can  achieve  per- 
fection you  ■will  never  have  any  specifications.  The  thing  is 
to  get  work  done  well  and  done  thoroughly,  but  not  wait  for 
perfection.  It  is  not  a  practicable  scheme  to  wait  for  perfection. 
You  will  never  get  anything  done  that  way.  These  matters 
are  matters  of  expert  judgment,  and  have  been  very  carefully 
considered  over  a  long  period  of  time  by  men  who  are  com- 
petent. While  a  large  number  of  men  know  about  this,  that, 
or  the  other  particular  matter,  there  are  a  comparatively  small 
number  that  know  about  the  question  of  heat  treatment  as  a 
whole  in  definite,  precise  figures;  and  I  think  that  the  gentle- 
men who  prepared  this,  and  those  who  have  been  consulted, 
constitute  a  body  of  great  expert  authority,  sufficiently  expert 
authority  to  warrant  this  Society  in  sending  out  their  report 
for  consideration  by  the  members.  I  think  Mr.  Hunt's  sug- 
gestion is  a  good  one.  that  those  who  have  any  criticism  of 
these  figures  to  offer  should  stand  up  now,  or  else  forever  after- 
ward hold  their  peace.  Here  are  the  figures.  We  are  prepared 
to  stand  or  fall  on  them.  Any  of  you  who  think  these  figures 
are  not  right,  stand  up  and  say  why  they  are  not  right  and 
why  you  think  so;  if  not  right,  we  will  change  them. 

Th«  Stntuj-  The  Secretary. — I  should  like  to  say  just  a  few  words  in 
answer  to  the  comments  of  the  Chairman,  Mr.  Merriman,  that 
it  might  lead  too  far  afield  if  the  Society  should  attempt  to  endorse 
methods  of  manufacture.  If  that  criticism  is  valid  it  should  have 
been  made  at  the  time  this  Committee  was  apj^ointed.  We  have 
had  a  Committee  for  years  on  the  heat  treatment  of  steel.  It 
.  hardly  seems  consistent  when  a  report  on  this  subject  is  brought 
here  in  good  faith  by  the  Committee  to  say,  "You  have  made  a 
report  that  really  does  not  lie  within  the  province  of  the  Society 
to  the  extent  of  approving  your  recommendations  by  letter 
bAllot."  If  in  time  the  consideration  of  matters  bearing  on 
manufacture  should  come  to  be  an  evil,  suitable  steps  may  then 
be  taken  to  check  it,  but  that  contingency  appears  to  me  to  be 
rather  remote. 
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The  Chairman. — The  motion  before  us  is  that  of  Mr.  The  chairman. 
Hunt,  namely,  that  this  report  be  received,  be  printed  in  the 
Proceedings,  and  also  in  the  Year-Book,  for  the  information  of 
the  members.  The  motion  as  amended  by  Mr.  Howe  is  that  it 
first  be  sent  out  to  letter  ballot.  A  vote  on  the  amendment 
will  be  taken  first. 

[The  vote  on  the  amendment,  and  then  on  the  motion  as 
amended,  resulted  affirmatively.] 


REPORT  OF  COMJVnTTEE  A-5  ON 
THE  CORROSION  OF  IRON  AND  STEEL. 

A  considerable  amount  of  work  has  been  done  by  the  Com- 
mittee during  the  past  year  on  various  methods  for  determining  the 
weight  of  zinc  coatings  on  iron  and  steel.  The  tabulated  results  of 
these  investigations  are  not  yet  ready  for  presentation.  It  is, 
however,  the  unanimous  opinion  of  the  Committee  that  the  well- 
known  Preece  copper-sulphate  test  is  unreliable  and  should  be 
abandoned  entirely  as  a  basis  of  specification  with  respect  to  gal- 
vanized sheet  and  plate.  In  respect  to  wire,  the  Preece  test  has 
the  advantage  of  being  quick  and  simple,  and  if  carried  out  in  the 
proper  manner  yields  comparative  results  of  value.  In  the  opinion 
of  the  Committee,  the  lead-acetate  test*  is  preferable  to  the  copper- 
sulphate  test  for  determining  or  specifying  the  weight  of  zinc  coat- 
ings. 

Notwithstanding  the  fact  that  this  Committee,  in  its  annual 
report  for  1909,  pointed  out  as  clearly  as  it  could  that  the 
tentative  suggestions  made  by  it  in  1907  as  to  the  conditions  for 
canying  out  the  so-called  acid  corrosion  test  were  not  to  be  con- 
sidered a  recommendation  of  the  test,  and  that  the  results  of  such 
test  are  unreliable  as  truly  measuring  the  tendency  to  natural  corro- 
sion, the  name  of  the  American  Society  for  Testing  Materials  con- 
tinues to  be  used  as  having  recommended  the  acid  corrosion  test, 
and  by  inference  as  having  endorsed  the  same.  For  this  reason 
the  Committee  desires  at  this  time  to  again  disclaim  any  recom- 
mendation or  endorsement  of  the  acid  test  as  a  measure  of  natural 
corrosion,  and  to  point  out  that  any  use  of  the  name  or  authority 
of  the  American  Society  for  Testing  Materials  in  this  connection  is 
unwarranted. 

An  analysis  of  results  of  the  ofBcial  inspection  of  the  fence- 
wire  tests,  Carnegie  Technical  Schools,  IMiisburgh,  Pa..  November 
30, 1910,  is  apix^ndcd  hereto. 

A.    S.    CUSHMAN, 

W.  H.  Walkks,  Chairman. 

Secretary. 

•Pord«MripUoa  of  Ibto  twi  m*  W«lk*r  And  PAtriek.  Journal,  Ind.  and  Eng.  Chtm. 
A9ril.i»ii. 
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APPENDIX. 

ANALYSIS   OF   REStTLTS   OF   OFFICIAL   INSPECTION 

OF  FENCE-WIRE  TESTS,  CARNEGIE   TECHNICAL 

SCHOOLS,  PITTSBURGH,  PA.,  NOVEMBER  30,  1910. 

The  tabulated  results  of  the  official  inspection  of  the  Pitts- 
burgh fence- wire  tests  are  given  in  Table  I.  These  tests  fall 
naturally  into  a  number  of  different  groups  or  headings,  under 
which  they  may  be  considered.  These  groups  or  headings  are 
as  foUows: 

1.  Standard  galvanized  Bessemer- steel  woven  wire  fences, 
such  as  are  in  use  throughout  the  United  States, 

2.  Woven  wire  Bessemer- steel  fences  protected  by  special 
methods  of  zinc  coating:  (i)  Sherardized,  (2)  electro-galvanized, 
(3)  unwiped  galvanized,  (4)  galvanized  after  fabrication. 

3.  Bessemer-steel  bare-  or  black-wire  woven  fences  protected 
by  various  paint  coatings. 

4.  Standard  hot-dip  galvanized  wire  fences  protected  by 
various  paint  coatings. 

5.  Standard  galvanized  woven  wire  fences  made  of  steel 
selected  from  different  parts  of  Bessemer  heats  and  from  different 
portions  of  the  ingots. 

6.  Straight-line  wire  galvanized  by  the  hot-dip  method  but 
unwiped,  the  wires  being  made  from  steel  of  van-ing  chemical  com- 
positions. 

Studying  the  results  under  these  various  headings,  the  follow- 
ing conclusions  are  clearly  justified : 

I.  The  Standard  galvanized  woven  wire  fences,  such  as  are 
supplied  for  common  use  under  the  trade  conditions  which  now 
maintain  in  the  United  States,  are  made  of  hot -dip  galvanized  wire 
wiped  through  asbestos  wipers,  before  the  wire  is  fabricated  into 
fencing.  These  test  fences  were  erected  between  September 
3  and  September  26,  1908.  All  these  fences  have  failed,  as  far 
as  the  protective  zinc  coating  was  concerned,  in  the  Pittsburgh 
atmosphere  in  less  than  two  years,  as  they  had  been  entirely  rusted 
for  some  time  previous  to  the  date  of  the  official  inspection.     Up 
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to  the  present  time  the  rusting  of  the  wires  which  make  up  these 
fences  has  not  gone  to  the  point  at  which  they  have  begun  to  rust 
through  and  break.  The  conclusion  seems  to  be  clearly  justified, 
that  the  protection  afforded  by  abestos- wiped  hot-dip  galvanized 
coatings  as  they  were  manufactured  two  years  ago,  at  the  time  of  the 
inception  of  this  test,  was  inefficient,  as  it  did  not  last  for  two  years 
in  the  Pittsburgh  district.  If  we  assume  that  this  type  of  wire  will 
last  about  twice  as  long  in  the  purer  air  of  rural  conditions,  the 
results  have  come  out  in  accord  with  the  claims  made  by  farmers 
and  other  consumers  in  regard  to  the  lasting  quality  of  the  zinc- 
coated  wire  as  it  was  manufactured  at  that  time.  It  is,  however, 
only  fair  to  the  larger  manufacturers  who  are  manufacturing  fabri- 
cated fences  out  of  galvanized  steel  wire  which  they  themselves 
manufacture,  to  state  that  they  have  been  making  great  efforts 
during  the  past  two  years  to  impro\e  the  quality  of  their  wire  and 
the  weight  of  the  galvanized  coatings.  It  would  follow  from  this 
that  if  these  tests  were  to  be  duplicated,  starting  from  the  present 
time,  a  much  beUer  showing  would  be  made  on  the  galvanized  wire 
panels  representing  the  stock  wire  under  present  trade  conditions. 
2.  The  woven  wire  fences  with  special  methods  of  zinc 
protection,  as  represented  in  these  tests,  have  all  done  well.  It 
will  be  noted  that  there  are  two  Sherardized  panels  on  the 
fences,  experimentally  made  for  this  test,  as  represented  by 
Inspections  27  and  i.  The  No.  i  Sherardized  panel  shows 
considerable  rust  in  spots.  The  second  panel  of  Sherardized 
fence,  Inspection  27,  has  given  very  excellent  results  in  the  test. 
It  should  not,  however,  be  understood  as  a  result  of  this  report 
that  the  Committee  recommends  Sherardizing  as  a  method 
of  protecting  wire.  It  is  not  here  shown  that  the  Sherard- 
izing of  wire  is  feasible  in  large-scale  operations.  The  electro- 
galvanized  panel,  also  an  experimental  product,  and  the  panel 
made  from  unwipe<i  galvanized  wire,  have  both  done  well,  and  it 
cannot  be  said  that  the  test  has  shown  any  difference  in  excellence 
between  these  two  panels.  In  the  case  of  these  two  panels  also 
the  Committee  desires  to  |)oint  out  that  the  results  recorded  are 
not  necessarily  to  be  taken  as  a  recommendation  of  these  methods 
of  protection.  Some  mcml)crs  of  the  Committee  have  strongly 
objected,  on  the  ground  that  the  single  electro-galvanized  panel 
included  is  not  to  be  considered  as  thoroughly  representative  of 
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electro-galvanizing  in  general;  and  furthermore,  that  there  are 
certain  objections  to  the  general  use  of  un wiped  galvanized  wire  in 
large-scale  operations  for  the  protection  of  fabricated  fencing. 
While  these  objections  are  valid  and  must  be  carefully  considered, 
it  would  seem  that  the  general  indication  of  the  test  is  that  so  far  as 
the  practice  in  vogue  two  years  ago  is  concerned  the  close  wiping 
of  the  galvanized  coating  was  carried  too  far  on  hot- dip  wire.  The 
question  as  to  whether  electro-galvanized  wire  could  be  used  in 
large-scale  manufacturing  operations  has  not  entered  into  this 
report. 

The  two  fence  panels  which  were  galvanized  after  fabrication 
have  shown  perfect'  resii-^tance  to  the  Pittsburgh  atmosphere  to 
date,  and  exhibit  every  indication  of  lasting  in  the  same  way 
many  years  longer.  The  conclusion  seems  to  be  justified,  that 
there  arc  ways  of  manufacturing  fairly  rust-resistant  woven 
wire  fences,  and  that  the  problem  is  simply  one  of  cost  of  produc- 
tion and  the  price  that  the  public  is  willing  to  pay  for  efficiently 
protected   fencing. 

3.  It  will  readily  be  understood  that  the  effort  to  protect 
bare-  or  black -wire  fencing  by  means  of  paint  coatings  puts  a  very 
severe  test  upon  the  protective  qualities  of  the  paint  used.  A 
very  decided  dilTerence  is  exhibited  in  the  protective  effects  shown 
by  the  different  paint  compounds,  and  the  results  obtained  under 
Tests  3  and  4  constitute  in  themselves  an  accelerated  paint 
test  of  very  high  value.  A  careful  inspection  of  the  report  of.  the 
tests  will  show  that  the  paints  have  fallen  into  the  classes  of 
inhibitors  and  stimulators,  as  indicated  by  the  recently  developed 
electrolytic  explanation  of  the  corrosion  of  iron.  The  panel  under 
Inspection  23,  painted  with  one  coat  of  No.  10  black,  a  theo- 
retical stimulator,  exhibited  a  \cTy  bad  failure,  worse  even  than 
the  standard  galvanized  woven  wire  fence  under  Inspection  24. 
The  bare  wire  protected  by  a  theoretical  inhibitor,  under  In- 
spection 22,  is  in  astonishingly  good  condition  for  a  wire  protected 
only  by  a  paint  coating.  In  every  case  on  the  bare- wire  painted 
panels,  the  theoretical  stimulators  of  corrosion  have  proved  to  be 
stimulators  under  the  exposure  conditions. 

4.  Thectandard  galvanized  wire  fencesall  of  which  failed  badly 
when  unprotected  by  paint  coatings,  have  corroborated  the  results 
on  the  paint  tests  as  noted  under  Group  3.     Panel  13,  painted  with 
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a  specially  designed  inhibitive  coating,  is  in  almost  perfect  condi- 
tion. The  same  thing  is  true  of  the  panel  under  Inspection  7. 
All  the  standard  galvanized  fence  painted  with  theoretical  stimu- 
lators have  failed  badly,  as  instanced  by  panels  under  Inspections 
6,  9,  10  and  12.  Green  Paint  4,  on  tlie  panel  under  Inspection 
5,  presents  an  apparent  exception  to  the  rule,  as  it  was  designed  to 
be  a  protective  coating,  but  has  failed  badly.  This  may  or  may 
not  be  due  to  the  fact  that  it  consists  of  a  combination  of  pigments 
not  well  adapted  to  the  vehicle  in  which  it  was  spread  upon  the 
wire.  On  the  Atlantic  Cit}'  steel  test  panels  this  same  formula  was 
found  to  be  ground  with  insufficient  oil,  which  may  possibly  have 
accounted  for  the  results  obtained  in  this  case.  With  this  excep- 
tion, the  inhibitive  theor}'  of  paint  protection  of  iron  finds  a  wonder- 
ful corroboration  throughout  these  tests.  In  almost  every  case 
where  stimulative  action  is  shown  on  account  of  the  paint,  the  rust- 
ing of  the  wire  appears  to  have  gone  further  than  in  the  cases  where 
no  paint  at  all  was  used.  The  conclusion  is  clearly  justified  that 
the  selection  of  a  properly  designed  inhibitive  paint  coating  is  of  the 
utmost  importance  where  the  protection  of  iron  and  steel  from 
atmospheric  corrosion  is  the  object  in  \iew. 

5.  Up  to  the  present  time  no  difference  has  appeared  in  the 
extent  of  corrosion  suffered  by  the  different  panels  of  standard 
galvanized  fencing  made  of  steel  selected  from  different  parts  of  a 
Bessemer  heat  or  different  parts  of  Bessemer  ingots  from  a  heat. 
It  is,  of  course,  possible  that  when  corrosion  progresses  to  the  actual 
falling  to  pieces  of  the  fence  through  breaking  of  the  wires,  some 
difference  may  manifest  itself,  but  up  to  the  present  time  the  selec- 
tion of  the  best  part  of  the  ingot  for  wire  drawing  does  not  appear  to 
be  justilied.  It  is  to  be  regretted  that  these  test  panels  did  not 
include  a  number  of  fabricated  fences  made  entirely  of  opcn-hcarth 
steels,  but  the  Committee  desires  to  emphatically  state  that  there 
was  no  intention  of  excluding  material  of  this  kind  from  the  tests 
on  fabricated  fences.  The  design  and  preparation  of  these  test 
panels  involved,  as  will  readily  be  understood,  a  ver>'  great  amount 
of  work  on  the  part  of  volunteer  contributors  to  the  Committee,  and 
at  the  tiroc  of  the  inception  of  the  test  ever\'thing  was  done  that 
leemed  potsibic  at  that  time. 

6.  AU  the  straight-line  wires  of  No.  q  gauge  th.u  ^M  i«^  drawn 
\n  order  to  test  the  longevity  of  galvanized  wire  made  of  steels  of 
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different  chemical  composition,  were  galvanized  in  the  same  way 
that  telegraph  wire  is  usually  galvanized,  and  were  not  wiped  in 
asbestos  wipers.  All  the  results  on  these  test  panels  show  that 
unwiped  wires  are  capable  of  resisting  the  corrosive  effects  of  the 
Pittsburgh  atmosphere  for  two  years  without  showing  failure.  It  is 
therefore  too  early  to  draw  any  conclusion  in  regard  to  these  partic- 
ular wires,  which  are  shown  in  the  table  under  Field  Nos.  8  North 
and  8  South.  They  received  no  Inspection  Numbers,  as  the  in- 
spectors finding  them  all  in  good  condition  up  to  the  present  time, 
did  not  take  the  time  to  look  them  over  carefully,  reserving  the 
inspection  for  some  future  time. 

In  tabulating  the  report  of  the  various  inspectors,  the  chair- 
man has  selected  from  the  individual  reports  made  to  him  the 
descriptions  of  the  conditions  of  the  various  panels  in  language 
that  presents  the  opinion  of  all  the  inspectors.  The  numerical 
ratings  were  assigned  by  the  chairman  to  the  remarks  on  condition, 
supplied  by  the  various  inspectors  in  charge,  in  much  the  same  way 
that  examination  papers  are  marked  in  college  work.  The  five 
inspectors  made  their  inspections  independently  of  each  other  and 
may  fairly  be  said  to  represent  the  opinion  and  judgment  of  five 
men  all  especially  equipped  by  experience  for  inspecting  gal- 
vanized metal. 


REPORT   OF   COMMITTEE  A-6   ON 
THE  MAGNETIC  TESTING  OF  IRON  AND  STEEL. 

This  Committee  has  held  two  well-attended  meetings  during 
the  year  to  consider  the  specifications  on  standard  liiagnetic  tests 
of  iron  and  steel.  At  these  meetings  the  details  of  methods  of 
testing  have  been  considered,  and  the  accompanying  specifications 
have  been  prepared.  These  specifications  have  been  approved 
by  letter  ballot  of  the  Committee,  and  are  now  submitted  to  the 
Society  for  adoption. 

•  In  these  specifications  the  use  of  the  metric  system  seems 
justified  for  the  following  reasons: 

First:  Nearly  all  electrical  work  in  this  country  is  done  at 
least  partly  in  the  metric  system,  and  in  the  European  countries 
it  is  universally  so. 

Second :  The  sort  of  testing  which  is  covered  by  these  specifi- 
cations involves,  more  than  any  other  sort  of  testing,  materials  which 
are  imported  from  countries  using  the  metric  system  exclusively. 

Third :  These  siK'cifications,  as  far  as  is  consistent  with  the 
best  American  practice,  agree  with  the  recommendations  of  the 
Hysterse-Kommission  of  the  Verband  Deutscher  Elektrotechniker, 
which  are  the  only  s[Kxifications  of  methods  of  magnetic  testing 
adopted  by  any  national  association.  These  latter  specifications, 
which  have  rcceivL'<l  the  tii)[)roval  of  so  capable  a  body  as  the  Phy- 
sikalische  Tcchnische  Reichsanstalt,  are  in  the  metric  system. 

Fourth:  The  Eurojxian  technical  press  entirely  and  the  Ameri- 
can technical  press  in  great  part  use  the  metric  system  in  articles 
dealing  with  magnetic  quantities. 

Fifth:  The  following  letter  of  the  Council  of  the  International 
Association  for  Testing  Materials  deserves  consideration .  . 

D0ar  Sir: 

We  beg  to  draw  your  special  attention  to  the  following  resolution, 
pawd  at  the  last  Council's  Meeting  of  the  International  Association  for 
Taating  Materials,  held  at  Brussels  in  August,  iqio,  as  to  the  introduction 
of  the  Metric  System  of  Weights  and  Measures,  and  beg  you  in  considera- 
tkm  of  tha  extreme  upportnnce  of  the  matter  to  give  nil  the  assistance  in 
JTOur  powv  to  the  carrying  out  <tf  itH  «ugge»tcd  introduction. 

(«o8) 
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"The  importance  of  the  unification  of  weights  and  measures  for 
international  trade  has  induced  most  countries  of  the  world  to  adopt 
the  French  Metric  System  as  obligatory,  with  the  sole  exception  of  the 
English  speaking  countries,  which  have  unfortunately  not  seen  their 
way  up  till  now,  to  accepting  its  compulsory  introduction. 

"The  International  Association  for  Testing  Materials  has  for  its 
special  object  the  unification  of  methods  of  testing  and  the  unification 
of  specifications  for  materials  of  construction.  The  Association  also 
strongly  realizes  that  by  the  universal  adoption  of  the  Metric  System 
the  general  progress  in  these  matters  would  be  greatly  facilitated. 

"The  Association,  consisting  as  it  does  of  a  large  number  of 
members  of  high  position  in  the  ranks  of  science  and  industry,  and 
having  an  organization  extending  throughout  all  countries,  feels  it 
incumbent  upon  itself  to  publicly  advocate  on  its  own  account  the 
general  introduction  of  the  Metric  System. 

"Accordingly,  it  was  unanimously  resolved  by  the  Council  of  the 
Association  at  their  meeting  at  Brussels  in  August,  1910,  to  address  to 
the  Government  Authorities  and  the  learned  and  industrial  Bodies 
of  all  countries  in  which  the  Metric  System  is  not  yet  obligatory,  an 
urgent  request  that  they  promote  by  every  possible  means  the  early 
adoption  of  the  Metric  System. " 
Believe  us,  dear  Sir,  to  be, 
In  the  name  of  the  Council  of  the  International  Association  for  Testing 
Materials, 

Yours  faithfully, 
Ernst  Rietler,  Henry  M.   Howe, 

GeTteral  Secretary.  Acting  President. 

I'hose  who  for  their  own  shop  practice  wish  to  express  their 
resu  ''1 3  in  v/atts  per  pound  may  do  so  by  the  simple  relations : 

I  watt  per  lb.  =2.20  watts  per  kg. 
I  watt  per  kg.  =  0.454  watts  per  lb. 

Respectfully  submitted  on  behalf  of  the  Committee, 

C.  W.  Burrows, 

Chairman. 

Note. — The  Proposed  Standard  Magnetic  Tests  of  Iron  and 

.Steel  were  adopted  by  letter  ballot  of  the  Society  on  August  21, 
1 91 1,  and  follow  this  report. — Ed. 
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STANDARD  MAGNETIC  TESTS  OF  IRON  AND  STEEL. 

Adopted  August  21,  1911. 

Core  Loss. 

The  power  consumption  in  electrical  sheet  steel  when  sub- 
jected to  an  alternating  magnetization  is  known  as  the  core  loss. 
The  standard  core  loss  is  the  total  power  in  watts  consumed  in 
each  kilogram  of  material  at  a  temperature  of  25°  C,  when  sub- 
jected to  a  harmonically  varying  induction  having  a  maximum  of 
10,000  gausses  and  a  frequency  of  60  cycles  per  second,  when 
measured  as  specified  below.  It  is  represented  by  the  symbol  Wjo/go. 

The  ageing  coclTicient  is  the  percentage  change  in  the  standard 
core  loss  after  continued  heating  at  100°  C.  for  600  hours. 

The  standard  core  loss  shall  be  measured  imder  the  following 
conditions: 

The  magnetic  circuit  consists  of  10  kg.  (22  lbs.)  of  the  test 
material,  cut  with  a  sharp  shear  into  strips  50  cm.  (19!  i  ins.)  long 
and  3  cm.  (lA  ins.)  wide,  half  parallel  and  half  at  right  angles  to 
the  direction  of  rolling,  made  up  into  four  ccjual  bimdlcs,  two  con- 
taining material  parallel  and  two  containing  material  at  right  angles 
to  the  direction  of  rolling,  and  finally  built  into  the  four  sides  of  a 
square  with  butt  joints  and  oi)positc  sides  consisting  of  material 
cut  in  the  same  manner.  No  insulation  other  than  the  natural 
scale  of  the  material  (except  in  the  case  of  scale-free  material) 
shall  be  used  between  laminations,  but  the  comer  joints  shall  be 
sqMtftted  by  tough  paper  0.01  cm.  (0.004  in.)  thick. 

(no) 
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The  magnetizing  winding  shall  consist  of  four  solenoids  sur- 
rounding the  four  sides  of  the  magnetic  circuit  and  joined  in  series. 
A  secondary  coil  shall  be  used  for  energizing  the  voltmeter  and  the 
potential  coil  of  the  wattmeter. 

These  solenoids  shall  be  wound  on  a  form  of  any  non-magnetic 
non-conducting  material  of  the  following  dimensions: 

Inside  cross-section 4  by  4  cm. 

Thickness  of  wall not  over  0.3  cm. 

Winding  length 42  cm. 

The  primary  winding  on  each  solenoid  shall  consist  of  150  turns  of 
copper  wire  uniformly  wound  over  the  42-cm.  length.  The  total 
resistance  of  the  magnetizing  winding  shall  be  between  0.3  and 
0.5  ohm.  The  secondary  winding  of  150  turns  of  copper  wire  on 
each  solenoid  shall  be  similarly  wound  beneath  the  primary  wind- 
ing.    Its  resistance  shall  not  exceed  i  ohm. 

A  voltmeter  and  the  voltage  coil  of  a  wattmeter  shall  be  con- 
nected in  parallel  to  the  terminals  of  the  secondary  winding  of  the 
apparatus.  The  current  coil  of  the  wattmeter  shall  be  connected 
in  series  with  the  primary  winding. 

A  sine  wave  electromotive  force  shall  be  applied  to  the  primary 
winding  and  adjusted  until  the  voltage  of  the  secondary  circuit  is 
given  by  the  equation: 

AfNnBM 


in  which 


/=form  factor  of  primary  E.M.F.  =»i.ii  for  sine  wave 
iV  =  number  of  secondary  turns         =600 

n  =  number  of  cycles  per  second       =  60 
5  =  maximum  induction  =10,000 

M  =  total  mass  in  grams  =  10,000 

/  =  length  of  strips  in  centimeters  =  50 
I>  =  specific  gravity  =7.5  for  high- resistance  steel 

=  7.7  for  low-resistance  steel 
£=106.6  volts  for  high- resistance  steel  for  sine  voltage 
=  103.8  volts  for  low-resistance  steel  for  sine  voltage 

A  specific  gravity  of  7.5  is  assumed  for  all  steels  having  a  resist- 
ance of  over  2  ohms  per  meter-gram,  and  7.7  for  all  steels  having 
a  resistance  of  less  than  2  ohms  per  meter-gram.  These  steels  are 
designated  as  high-  and  low-resistance  steels,  respectively. 
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The  wattmeter  gives  the  power  consumed  in  the  iron  and  the 
secondar}'  circuit.  The  loss  in  the  secondary  circuit  is  given  in 
terms  of  the  total  resistance  and  voltage.  Subtracting  this  correc- 
tion term  from  the  total  power  giNes  the  net  power  consumed  in  the 
steel  as  hysteresis  and  eddy  current  loss.  Dividing  this  value  by 
ten  gives  the  core  loss  in  watts  per  kilogram. 

The  Procedure. — i.  Cut  from  the  test  material  a  number  of 
strips  3  by  50  cm.,  half  parallel  and  half  at  right  angles  to  the 
direction  of  rolling. 

2.  Place  on  the  balance  a  pile  of  strips  weighing  2.5  kg.  Add 
a  second  pile  of  the  same  kind,  bringing  the  weight  up  to  5  kg.  In 
each  case  the  weight  is  taken  to  the  nearest  strip.  x\dd  in  succes- 
sion two  piles  of  2.5  kg.  each,  of  the  other  kind  of  strips,  bringing 
the  weight  up  to  7.5  kg.  and  10  kg.  respectively, 

3.  Secure  each  bundle  by  string  or  tape  (not  wire)  and  insert 
in  the  apparatus  as  indicated. 

4.  Apply  the  alternating  \oltage  to  the  primary  coil  and  tap 
the  joints  together  until  the  current  has  a  minimimi  value,  as  shown 
by  an  ammeter  in  series.  Then  clamp  the  comers  firmly  by  some 
suitable  device. 

5.  Shunt  the  ammeter  and  adjust  the  primary  current  until 
the  voltmeter  indicates  the  proper  value.  This  adjustment  may  be 
made  by  an  auto-transformer,  by  varying  the  field  of  the  alternator, 
or  by  both,  but  not  by  the  insertion  of  resistance  or  inductance  in 
the  primary  circuit.  Simultaneously  the  frequency  must  be  ad- 
justed to  60  cycles. 

6.  Read  the  wattmeter. 

7.  Calculations.  Subtract  from  the  wattmeter  reading  the 
instrument  losses,  which  will  be  constant  for  any  set  of  instruments 
and  voltage,  and  divide  by  10.    The  result  is  the  standard  core  loss. 

Normal  Induction. 

The  normal  magnetic  induction  is  the  induction  protluccd  by 
a  magDCtizing  force  in  a  given  piece  of  magnetic  materia!  which 
has  been  previously  demagnetized  and  then  subjected  lo  many 
reversals  of  the  given  magnetizing  force. 

Both  the  induction  B  and  tiie  magnetizing  force  JI  shall  be 
expressed  in  terms  of  the  C.  G.  S.  electromagnetic  unit  (gauss). 
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Sheet  Metal. — The  standard  normal  induction  data  for  sheet 
material  shall  consist  of  the  magnetizing  forces  corresponding  to 
inductions  of  2,000,  4,000,  6,000,  8,000,  10,000,  12,000,  14,000, 
16,000,  18,000,  20,coo  gausses,  or  such  as  may  be  obtained  without 
exceeding  a  magnetizing  force  of  200  gausses. 

The  following  details  are  to  be  observed : 

The  test  material  shall  consist  of  5-  kg.  of  the  strips  cut  as 
indicated  for  the  standard  core  loss  test. 

The  magnetic  circuit  shall  be  a  rectangle  having  the  test 
material  for  one  pair  of  opposite  sides,  and  the  same  or  different 
material  for  the  other  pair,  which  may  be  shorter.  The  joints  at 
each  corner  are  alternately  butt  and  lap,  or  may  be  clamped  on  the 
edges. 

The  magnetomotive  force  is  applied  in  two  sections.  The 
main  magnetizing  coils  shall  consist  of  two  equal  and  uniformly 
wound  solenoids  surrounding  the  test  material.  The  compensating 
coils  shall  consist  of  two  solenoids  surrounding  the  yoke  strips. 

The  test  coil  surrounds  the  middle  portion  of  each  bundle  of 
test  material.  Four  other  test  coils  of  half  the  number  of  turns 
are  placed  over  the  test  material,  approximately  midway  between 
the  yokes  and  the  center.  The  two  center  test  coils  are  joined  in 
series  and  the  four  end  test  coils  are  joined  in  series.  The  corres- 
ponding ballistic  deflections,  due  to  these  two  test  coils,  are  measures 
of  the  magnetic  fluxes  through  the  underlymg  portions  of  the  mag- 
netic circuit.  By  connecting  the  two  test  coils  so  that  the  induced 
electromotive  forces  oppose  each  other,  and  adjusting  the  current 
through  the  compensating  magnetizing  coils  so  that  there  is  no 
resulting  ballistic  deflection,  an  approximate  uniformity  of  flux  is 
secured  through  the  greater  portion  of  the  test  material,  and  the 
induction  may  be  measured  ballistically  in  the  regular  manner. 
The  magnetizing  force  when  the  flux  is  adjusted  to  uniformity  is 
that  calculated  from  the  uniform  winding  of  the  maui  magnetizing 
solenoids. 

The  cross-section  of  the  magnetic  circuit  is  determined  as  in 
the  standard  core  loss  test. 

Rods. — The  standard  test  for  rods  for  use  in  electromagnets 
shall  consist  of  the  magnetizing  forces  corresponding  to  inductions 
of  2,000,  4,000,  6,000,  8,000,  10,000,  12,000,  14,000,  16,000,  18,000, 
20,000  gausses,  or  such  as  may  be  obtained  without  exceeding  a 
magnetizing  force  of  200  gausses. 


114     Standard  Magnetic  Tests  of  Iron  and  Steel. 

The  standard  test  for  rods  intended  for  permanent  magnets 
shall  consist  in  the  measurement  of  the  magnetizing  force,  the 
residual  induction,  and  the  coercive  force  corresponding  to  a 
maximum  induction  of  14,000  gausses. 

Standard  tests  shall  be  made  by  the  Burrows  compensated 
double  yoke  method  (described  in  Standard  Electrical  Engineer's 
Handbook,  and  also  in  Technical  Paper  No.  117  of  the  Bureau  of 
Standards). 


REPORT   OF   COMMITTEE   A-7   ON 

THE    TEMPERING    AND    TESTING    OF     STEEL 

SPRINGS  AND   STANDARD   SPECIFICATIONS 

FOR   SPRING   STEEL. 

Since  the  meeting  last  summer,  the  Committee  has  held  three 
meetings,  with  good  attendance.  The  report  of  the  Committee 
is  one  of  progress  only,  but  some  testing  work  has  been  done  that 
is  of  much  interest.  It  is  the  intention  of  the  Committee  that  this 
work  shall  be  placed  before  the  Society,  as  being  of  an  instructive 
character.  It  is  also  the  wish  of  the  Committee  to  arouse  as 
complete  discussion  in  open  meeting  as  |)Ossible,  in  order  to  draw 
out  suggestions  and  criticism  of  the  work,  which  will  assist  us  in 
our  work  in  the  future. 

During  the  first  few  meetings,  the  deliberations  of  the  Com- 
mittee centered  about  the  chemical  specifications  for  spring  steel. 
The  matter  was  fully  discussed  and  the  following  composition 
agreed  upon: 

Open-Hearth,  Crucible,  or   Electric  Steel. 

Carbon o  .  go  to  i .  10  per  cent,  (i  .00  desired). 

Manganese not  to  exceed  o  .  50     "       " 

Phosphorus "      "  ;       : 

Sulphur 005 

The  next  subject  discussed  was  the  determination  of  reasonable 
limits  for  the  elastic  limit  of  heat-treated  spring  leaves;  also,  the 
consideration  of  Brinell  hardness  tests,  bending  tests,  drop  tests, 
and  endurance  tests.  It  is  understood  that  these  tests  should 
ha\e  reference  to  a  leaf  of  a  spring  and  not  to  the  spring  as  a  whole. 

For  the  purpose  of  carrying  out  these  tests,  a  special  sub- 
committee was  appointed,  as  follows : 

F.  D.  Carney,  Pennsylvania  Steel  Company. 

J.  E.  Howard,  Bureau  of  Standards. 

A.  N.  Lukens,  Railway  Steel  Spring  Company. 

A.  A.  Stevenson,  Standard  Steel  Works  Company. 

E.  D.  Nelson,  Pennsylvania  Railroad  Company  (Chairman), 

(115) 
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The  work  of  the  Sub-Committee  has  been  progressing  rapidly, 
and  the  results  to  date  are  appended  to  this  report  in  the  form  of  a 
report  of  the  Sub-Committee  to  Committee  A-7. 

The  specimens  were  furnished  and  placed  in  the  hands  of  Mr. 
Nelson  by  Mr.  Lukens.  Analyses  accompany  the  report,  and  it 
will  be  seen  that  the  steel  is  as  uniform  as  may  be  ex[)ected.  It 
must  be  understood  that  it  was  the  intention  to  conduct  the  tests 
on  steel  coming  within  the  limit  of  the  specifications  drawn  and 
previously  referred  to.  It  will  be  observed  that  these  samples  are 
slightly  above  the  limit  of  the  specification  as  to  carbon,  but  well 
within  the  limit  in  all  other  resj^ects. 

It  is  the  intention  of  the  Committee  to  duplicate  the  experi- 
ments on  steel  with  carbon  at  the  opposite  extreme  of  the  specifica- 
tions, that  is,  about  0.90  per  cent. 

It  is  also  the  plan  of  the  Committee  to  have  all  tests  repeated 
at  the  Bureau  of  Standards.  The  Bureau  has  offered  to  undertake 
this  work  and  will  do  so  as  soon  as  their  testing  laboratory  is  fully 
equipped  for  the  purpose.  The  Bureau  will  also  make  a  number 
of  tension  tests,  with  a  view  of  developing  the  situation  most 
thoroughly. 

The  tests  of  repeated  stress  have  not  yet  been  completed,  but 
are  under  way. 

The  Sub- Committee  will  also  conduct  transverse  tests  for  the 
purjx)se  of  comparing  the  results  obtained  with  12-in.  and  24- in. 
spans. 

The  Committee  wi.shes  to  make  it  clear  that  its  report  is  one 
of  progress  only,  and  that  the  matter  should  be  recommitted  for 
continuance,  with  suggestions  and  criticisms  as  to  the  work  already 
done  and  that  which  may  be  done  in  the  future. 

Respectfully  submitted  on  behalf  of  the  Committee, 

Henry  Souther, 

Chairman. 


APPENDIX. 

REPORT  OF  SUB-COMMITTEE  ON  TESTS. 

The  Sub-Committee  appointed  at  a  meeting  of  Committee  A-7 
in  New  York  in  February,  191 1,  has  prepared  data  which  it  was 
decided  upon  at  the  time  would  form  the  subject  of  a  report  to  be 
considered  by  the  entire  Committee. 

At  a  previous  meeting  it  had  been  decided  to  contine  the 
question  of  heat  treatment  of  steels  for  springs  to  what  is  commonly 
known  as  carbon  steel  of  the  following  pattern  analysis : 

Carbon o  .  yo  to  i  .  10  per  cent,  (i  .  00  desired). 

Manganese not  to  exceed  o  .  50    "       " 

Phosphorus "     "        "       0.05    "       " 

Sulphur "     "        "       0.05     " 
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Fig.  I. — Heating  Curve  for  Annealing. 
Series  A. — 150-6-T  ;  150-10-T  and  D. 


Furthermore,  the  Sub-Committee,  following  out  the  general 
instructions  received,  outlined  a  program,  as  follows: 

Size  of  Test  Specimens. — if  by  f  by  14  ins.  long,  with  straight 
edges. 

Sub-Division  of  Experiments,  (i)  Heat  treatment;  (2)  trans- 
verse tests;  (3)  extreme  bending  tests;  (4)  Brinell  and  Shore 
(scleroscope)  tests  for  hardness;  (5)  drop  tests. 

Accordingly  there  was  obtained  from  the  Railway  Steel 
Spring  Company  a  sufficient  quantity  of  steel  taken  from  stock  to 
make  enough  specimens  to  complete  the  program  outlined  above. 
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Heai  Treatment. — All  the  material  received  was  rolled  2  ins. 
wide,  and  when  received  was  cut  into  the  required  lengths  and  the 
edges  trued  so  as  to  make  the  width  1 2-  ins.  and  the  edges  square. 
All  specimens  were  thoroughly  annealed  before  heat  treatment  to 
1450°  F.,  then  packed  in  mica  dust  until  cool.  Fig.  i  is  a  sample 
heating  curve  showing  regular  temperatures  for  annealing. 

The  analysis  made  by  the  Pennsylvania  Railroad  Laboratory 
from  five  bars  was  as  follows: 

Sample A  B  C  D  E 

Carbon,  per  cent i.ii  1.20  1.12  115  1.12 

Manganese,  per  cent o-37  0.40  o-37  o-35  030 

Phosphorus,  per  cent 0.018  0.018  0.016  0.016  0.015 

Silicon,  per  cent o .023  o .028  o . 026  0.023  o .023 

Sulphur,  per  cent 0.019  0.021  0.020  0.022  0.021 


c 

=  1.05 

Mn  =  0.57 
5i  =0.054 
P  =  0.0I8 
5  =  0.036 
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Sample  A  represents  test  pieces  150-4  and  6. 
Sample  B  represents  test  pieces  150-8  and  10. 
Sample  C  represents  test  pieces  150-12,  and  165  —  4. 
Sample  D  represents  test  pieces  165-6  and  8. 
Sample  E  represents  test  pieces  165-10  and  12. 


The  critical  point  for  this  steel  was  found  to  be  about  1350°  F. 
This  was  determined  by  means  of  an  electric  furnace  in  con- 
nection with  a  recording  j>yrometer  of  the  Le  Chatclier  form.  A 
hole  was  drilled  in  a  small  sam|)Ie  of  the  steel  and  the  end  of  the 
thermo-couple  inserted.  The  si)ecimen  was  then  slowly  heated  in 
the  furnace  to  about  1600**  F.,  after  which  it  was  again  allowed 
to  cool. 
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The  heating  and  cooling  ounces  are  shown  by  the  recording 
instrument.     Fig.  2  is  a  sample  of  one  of  these. 

There  was  no  difiicuhy  in  keeping  the  furnace  under  control. 
A  correction  was  made  for  the  temperature  of  the  cold  junction  of 
the  thermo-couple.  The  time  required  for  one  determination  was 
about  30  minutes. 
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'Fig.  3. — Heating  Curves  for  Quenching,  Series  A. 

The  specimens  were  divided  into  two  general  groups  known 
as  Series  "A"  and  Series  "B".     These  two  series  differ  in  heat 


?2000 


01  800 


.AU  in 

Out 

.AU  in 

Ovt 

X  ^ 

H^--^ 

J 

4 

V 

A/aTi 

\  V' 

N^^ 

^r 

- 

'■ 

x 

y 

■  V 

Mark    Temp.  Cold   Correct 

(T)        reod    JuncT.   Temp. 

165-4-1     1640*    9Z*      1670* 

Z    1630        "          I6S0 

5    1635        "          1665 

4     16  15        "          1645 

Mork    Temp  Cold   Correct 
(D)        reod   Junct.   Temp 

I65-I0-I     1620*    98*      1653* 
Z    I6Z5        '<         I6SS 

3  I6Z0        "         1653 

4  1620        "     *    1653 

20 


30  0 

Time  .minutes 


Fig.  4. — Heating  Curves  for  Quenching,  Series  B. 


treatment  only  in  respect  to  the  quenching  temperature.  The 
temperature  of  the  oil  quenching  bath  was  between  80°  and  100°  F. 

In  heating  the  specimens  for  (juenching  they  were  pre- heated 
to  about  1000°  F.,  placed  in  the  hardening  furnace  and  soaked  from 
15  to  20  minutes. 

Sample  records  of  the  quenching  cur\es  for  the  two  series 


I20 


Report  of  Committee  A- 7 


are  given  in  Figs.  3  and  4.  Fig.  5  shows  a  sample  record  for 
drawing  temper. 

Series  A. — The  specimens  in  this  series  were  quenched  at 
1500°  F.  and  drawn  at  temperatures  approximately  400°,  600°, 
800°,  1000°  and  1200°  F.  The  number  of  specimens  used  for 
the  various  tests  and  the  method  of  marking  are  given  in  Tables 
I  and  III  (pages  124  and  126). 

Series  B. — The  specimens  in  this  series  were  quenched  in 
oil  at  1650°  F.;  otherwise  the  same  heat  treatment  as  for  Series  A. 
The  number  of  specimens  (same  as  for  Series  A)  and  the  corres- 
jxjnding  marking  are  given  in  Tables  II  and  IV  (pages  125  and 

127). 

The  total  number  of  specimens  needed  for  Series  A  and  B 

was  80. 
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PlO.  5. — Heating  Curves  for  Drawing  the  Temper,  Series  B. 


Transverse  Tests. — Specimens  were  tested  transversely  with 
i2-in.  span  in  an  apparatus  specially  designed  for  this  purpose, 
which  is  shown  in  Fig.  6.  The  test  piece  was  placed  on  the  two 
steel  supjx)rts  .4  held  by  the  forged  steel  base  B.  The  load  was 
applied  in  the  center  by  means  of  another  tool-steel  block  C.  The 
tof)  edge  of  each  topl-stcci  bhxk  was  rounded  olT  enough  to  give  a 
Ixraring,  but  notwithstanding  this  fact,  it  was  found  that  the  blocks 
would  cut  into  the  test  pieces  o.ooi  or  0.002  in.  In  order  to 
remove  as  far  as  |>ossible  any  error  in  the  measurement  of  the 
deflection  due  to  this  cause,  or  to  a  clearance  in  the  testing 
machine,  the  specimens  were  subjected  before  the  test  was  begun 
to  three  applirations  of  a  load  which  stressed  them  to  about  two- 
thirds  of  thr  clasfir  limit.     Thcsr  appliiations  sen'cd  tobriinr  flu^ 
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specimen  in  close  contact  with  the  supporting  points,  and  also  to 
relieve  any  initial  strain  in  the  steel  due  to  the  hardening  process. 
The  deflections  were  measured  by  means  of  the  pointed  steel 
pin  D,  which  was  pressed  against  the  underside  of  the  specimen  by 
means  of  a  light  spring.  Attached  to  this  steel  pin,  through  a  slot 
in  the  base  B,  was  a  vernier  E  resting  against  the  scale  F.  By 
means  of  this  scale  and  vernier  the  deflections  could  be  measured 
to 0.0005  in.,  although  in  these  experiments  no  deflections  smaller 
than  o.ooi  in.  were  read.  The  loads  were  increased  by  increments 
of  50  lbs.  until  a  decisive  permanent  set  had  been  obtained. 


D 


7 

Alrached  ro  head 
of  tensile  machine 


Fig.  6. — Apparatus  for  Transverse  Tests. 

Elastic  Limit. — The  elastic  limit  was  determined  by  plotting 
the  results  of  the  transverse  tests,  and  fixing  upon  a  point  where 
the  ratio  of  deflection  to  stress  ceases  to  be  appreciably  constant. 
In  other  words,  after  plotting,  the  point  was  determined  at  which 
the  deflection  curve  began  to  depart  from  a  straight  line. 

Figs.  7  and  8  show  the  plotted  results  and  the  point  at  which 
the  limit  of  elasticit}^  was  selected. 

The  fiber  stresses,  elastic  limit,  modulus  of  elasticity,  and 
resilience  in  inch  pounds  were  calculated  from  the  usual  formulas 
for  a  simple  beam  supported  at  both  ends  and  loaded  at  the  center. 
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Brinell  Tests. — For  these  tests  the  specimens  already  used 
for  transverse  tests  were  used,  but  before  the  extreme  bending  test 
was  made.  The  load  used  was  3,000  kg.  (6,600  lbs,);  the 
diameter  of  ball  was  10  mm.  The  impressions  were  made  on  one 
fiat  side,  2  ins.  apart  along  the  entire  length  of  the  specimens. 
The  tests  were  made  in  a  dead- weight  testing  machine. 

Fig.  10  shows  the  Brinell  hardness  numbers  as  determined 
by  these  experiments,  plotted  against  the  elastic  limits. 

Extreme  Bending  Tests. — After  a  specimen  had  been  bent  far 
enough  in  the  transverse  testing  machine  to  obtain  the  deflection  at 
the  elastic  limit, — that  is,  until  a  marked  permanent  set  had  taken 
place, — it  was  further  bent  in  a  vise  or  similar  machine  around  a 
i-in.  radius,  until  rupture  occurred.  Special  note  was  made  of 
the  structure  of  the  fracture. 

The  results  of  the  transverse,  hardness  and  extreme  bending 
tests  are  given  in  Tables  I  and  II. 

Drop  Tests. — The  same  number  of  drop  tests  were  made  as 
transverse  tests.  The  apparatus  used  for  these  tests  is  shown 
in  Fig.  9. 

The  method  of  testing  was  as  follows :  A  specimen  was  placed 
in  the  machine  and  supported  at  both  ends  by  the  two  anvils.  A, 
the  edges  of  which  are  12  ins.  apart.  The  two  triggers,  B,  were 
then  released  by  means  of  a  special  pair  of  tongs,  allowing  the 
plunger  C  to  drop  down  on  the  specimen.  The  50-lb.  weight  D 
was  then  raised  3  ft.  and  allowed  to  drop.  On  rebounding  the 
plunger  was  caught  by  the  trigger,  thus  giving  the  specimen  only 
one  blow  at  a  time.  The  length  of  the  stroke  of  the  jjlungcr  is 
fixed  by  the  interchangeable  collar  E,  which  allows  any  desired 
deflection  to  be  used  in  bending  the  specimen. 

The  results  of  these  tests  are  shown  in  Tables  111  and  I\'. 

Summary. — A  complete  analysis  of  all  the  tests  is  shown  on  the 
following  tables: 

Table  I  covers  the  transverse  tests,  hardness  tests,  and 
bending  tests  of  Scries  A;  Table  II  gives  the  same  information 
for  Scries  B.  Tabic  III  gives  the  results  of  the  droj)  test  for 
Scries  A;  Table  I \'  gives  the  same  information  for  Scries  B. 

Attention  is  called  to  the  elastic  limits  as  shown  in  Tables  1 
and  II.  It  is  apparent  that  at  a  quenching  temperature  of  1 500°  V. 
(Tabic  I),  the  maximum  results  are  obtained  with  a  drawing 
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temperature  of  about  6cx5°  F.,  while  where  the  quenching  tempera- 
ture was  1650°  F.  (Table  llj,  the  maximum  elastic  limit  was 
found  when  the  drawing  temi)erature  was  about  800°  F.  In  the 
former  groujo-— quenched  at  1500°  F.-and  drawn  at  600°  F.— 
it  will  be  noticed  that  the  angle  of  bend  at  rupture  showed  an 
average  of  slightly  over  59°,  there  being  considerable  variation  in 
the  specimens;  while  with  the  latter  group— fiuenched  at  1650°  F. 


ded  of  Drop -Testing  Machine 

Fig.  9. — Apparatus  Used  for  Drop  Tests. 


and  drawn  at  800°  F. — the  average  angle  is  slightly  over  103°, 
without  any  specimen  going  below  76°. 

It  had  been  hoped  that  there  would  be  some  definite  relation 
between  either  the  Scleroscope  or  Brinell  hardness  numbers  and 
the  elastic  limits.  Figs.  10  and  11  show  graphically  the  results 
obtained.  While  it  cannot  be  said  that  a  definite  law  has  been 
established  showing  the  relation  between  hardness  and  elastic 
limit,  as  determined  by  the  methods  employed,  there  seems  to  be 
sufficient  indication  of  the  possibility  of  such  a  law,  to  warrant 
further  investigation. 
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It  is  thought  by  the  Sub-Committee  that  if  a  relation  can  be 
found  between  the  hardness  number  and  elastic  limit,  or  some 
other  physical  characteristic  of  heat-treated  steel,  it  will  be  a  long 
step  towards  placing  the  consumer  in  position  to  test,  in  a  simple 
way,  the  product  offered  by  the  manufacturer  before  acceptance, 
and  further,  towards  giving  to  the  manufacturer  a  means  of 
ascertaining  in  a  simple  way  whether  he  has  obtained  the  results 
desired. 


Respectfully  submitted, 


F.  D.  Carney, 

J.  E.  Howard, 

A.  N.  Lukens, 

A.  A.  Stevenson, 

E.  D.  Nelson,  Chairman, 


REPORT   OF   COMMITTEE   B-i    ON  STANDARD 

SPECIFICATIONS  FOR  HARD-DRAWN 

COPPER  WIRE. 

Last  year  a  verbal  report  for  Committee  B-i  was  made  briefly 
to  the  effect  that  although  experience,  gained  while  operating  under 
the  specifications  adopted  in  1909,  indicated  the  desirability  of 
amending  certain  requirements,  the  Committee  was  not  yet  pre- 
pared to  recommend  the  desired  changes,  but  instead  found  it 
necessary,  in  effect,  to  resohe  itself  into  a  Research  Committee 
to  obtain  the  data  upon  which  to  base  amendments. 

The  principal  change  found  necessary  is  a  revision  of  the 
table  of  required  tensile  strengths  and  corresponding  percentages 
of  elongation.  The  data  available  as  a  basis  of  the  table  values 
were  the  accumulation  of  results  of  commercial  testing  of  wire 
offered  to  consumers  by  producers.  In  substantially  all  of  these 
tests,  the  elongation  re[)ortcd  was  determined  by  measuring  the 
distance  between  the  jaws  of  the  testing  machine  before  and  after 
breaking  the  wire,  the  zero  measurements  being  made  when  10 
per  cent,  of  the  recpiircd  breaking  load  had  been  applied  and  the 
initial  length  being  as  close  to  60  ins.  as  possible.  This  elongation 
includes  the  actual  permanent  stretch  of  the  wire,  its  live  elonga- 
tion at  the  breaking  load,  any  lost  motion  in  the  machine,  and 
slippage  and  elongation  in  the  grips  of  the  machine.  At  the 
earlier  meetings  of  the  Committee,  the  question  of  the  method  of 
measuring  elongation  was  discussed  at  great  length  and  when  i)ro- 
IX)sing  specifications  at  the  annual  meeting  in  1909,  the  Committee 
agreed  that  they  would  recommend  that  the  elongation  specified 
Im2  the  actual  permanent  elongation;  the  same  as  in  nearly  all 
other  similar  sorts  of  testing.  However,  when  it  is  considered 
that  it  is  not  practical  to  measure  the  elongation  of  a  broken 
sample  to  smaller  fractions  than  o.oi  in.,  and  that  the  actual 
elongation  in  10  ins.  after  breaking  a  wire  of  0.081  in.  diameter  is 
only  o.io  in.,  it  is  seen  that  an  error  of  only  o.oi  in.  amounts  to 
10  ixrr  cent.  In  testing  wire  smaller  than  o.oSi  in.,  ihc  probable 
error  is  increased  because  of  the  less  elongation,  while  in  testing 
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larger  wire,  the  probable  error  decreases  until  at  0.204  i^i-  it  drops 
to  about  6  per  cent.  It  was  agreed  that  a  test  method  in  which 
unavoidable  errors  would  probably  be  at  least  as  great  as  the 
figures  mentioned,  is  undesirable  because  of  the  difficulty  of  set- 
tling inevitable  disputes.  The  commercial  testing  of  wire  had 
generally  been  done  on  a  60-in.  length.  The  elongation  of  a  wire 
60  ins.  long  is  considerably  less  than  six  times  that  of  a  lo-in. 
length;  hence  the  quantity  actually  to  be  measured,  namely,  the 
difference  between  original  length  and  length  after  fracture,  while 
greater  than  in  the  case  of  a  10-in.  specimen,  is  still  relatively 
small.  The  actual  measurement  of  this  difference  on  a  60-in. 
length  is  a  difficult  matter,  partly  because  of  the  long  length  itself 
and  partly  because  of  the  fact  that  hard  wire  is  never  straight,  but 
is  in  a  springy  coil.  For  both  these  reasons,  special  devices  would 
have  to  be  designed  and  two  men  would  probably  be  required  to 
make  the  measurement.  There  are  obvious  objections  to  a  test 
method  in  which  there  may  be  unknown  variables,  such  as  slippage 
or  creeping  of  elongation  into  the  jaws  of  the  machine,  yet  it  must 
be  remembered  that  practically  all  experience  in  testing  hard  wire 
is  based  on  such  a  test  method.  The  Committee  has  felt  that  if 
satisfactory  tests  could  be  made  under  practical  shop  conditions, 
it  would  be  preferable  to  retain  in  the  specifications  methods 
which  are  more  nearly  theoretically  correct  than  those  which  are 
open  to  obvious  criticism.  To  provide  data  upon  which  a  final 
decision  might  be  made,  a  series  of  tests  was  arranged  in  which 
there  were  to  be  determined : 

1.  Elongation  in  10  ins.  between  bench  marks. 

2.  Elongation  in  60  ins.  between  bench  marks. 

3.  Elongation  in  60  ins.  between  jaws  of  the  testing  machine. 

The  three  measurements  were  to  be  made  on  the  same 
sample  of  wire.  At  the  ver\'  outset,  it  was  found  impracticable  to 
make  measurements  on  a  10-in.  length  that  were  in  any  wise  con- 
cordant, because  of  the  obviously  great  opportunity  for  errors  in 
reading.  The  tests  were,  therefore,  continued  only  with  measure- 
ments on  60-in.  lengths.  The  tests  were  made  in  duplicate  by  the 
producers  and  by  one  of  the  consumers  and  some  1,500  samples 
of  three  different  diameters  were  tested.  There  has,  therefore, 
been  opportunity  to  compare  the  results  of  this  large  number  of 
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tests  made  in  six  different  laboratories.  This  comparison  shows 
clearly  that  the  measurement  of  elongation  between  bench  marks 
is  certainly  not  practicable  in  the  case  of  wire  of  small  diameter, 
because:  first,  it  materially  increases  cost  of  testing  by  reason  of 
the  longer  time  required  to  make  the  measurements;  and  second, 
there  are  greater  discrepancies  between  results  obtained  on  sim- 
ilar samples  tested  in  the  same  and  different  laboratories  by  this 
method  than  are  found  in  results  obtained  by  the  theoretically  less 
accurate  method  of  measurement  between  the  jaws  of  the  testing 
machine.  In  other  words,  because  of  inherent  diflkulties  in  making 
the  measurements  with  reasonable  precision,  the  theoretically  more 
nearly  correct  method  is  actually  found  to  be  the  less  accurate  when 
both  methods  are  carried  out  on  a  practical  scale  under  practical 
commercial  conditions.  The  evidence  obtained  is  so  strong  that 
the  Committee  feels  constrained  to  recommend  the  continuance  of 
the  now  long  established  commercial  method  of  testing  the  fmer 
sizes  of  wire  by  measuring  elongation  between  the  jaws  of  the  test- 
ing machine.  The  Committee  recommends  that  the  coarser  sizes 
of  wire  be  tested  by  measuring  elongation  as  the  permanent  increase 
in  length  after  breakage,  measurement  being  made  on  an  original 
length  of  ID  ins. 

Certain  other  amendments  to  the  specifications  are  proposed 
for  the  sake  of  broadening  their  scope  to  include  figure-eight 
trolley  wire,  and  certain  additions  are  also  made  to  the  explana- 
tory notes  accompanying  the  specifications. 

Specifically,  your  Committee  unanimously  recommends  the 
following  amendments  to  the  Standard  Si)ccifications  for  Hard- 
Drawn  Copper  Wire,  adopted  August  i6,  1909: 

PROPOSED  AMENDMENTS  TO   THE   STANDARD  SPECIFICA- 
TIONS FOR  HARD-DRAWN   COPPER  WIRE,  ADOPTED 
AUGUST   16,   1909. 

Amendment  i. — In  Paragraph  2,  insert  the  words  "figure- 
eight  trolley  wire"  after  the  words  "grooved  trolley  wire." 

Amendment  2. — Present  Paragraph  3  to  become  3(a),  and 
insert  Paragra|)h  3(6)  as  follows: 

3(6).  Necessary  brazes  in  hard-drawn  wire  must  be  made  in 
accordance  with  best  commercial  j)racticc,  and  tests  upon  a  section 
of  wire  containing  a  braze  must  show  at  least  95  per  cent,  of  the 
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tensile  strength  of  the  unbrazed  wire.  Elongation  tests  are  not  to 
be  made  upon  test  sections  including  brazes. 

Amendment  3. — P^or  present  Paragraph  8  substitute  the  fol- 
lowing : 

8.  Wire  shall  be  so  drawn  that  its  tensile  strength  and  elonga- 
tion shall  be  at  least  equal  to  the  value  stated  in  Table  I.  Tensile 
tests  shall  be  made  upon  fair  samples,  and  the  elongation  of  wire 
larger  in  diameter  than  0.204  in.  shall  be  determined  as  the 
permanent  increase  in  length,  due  to  the  breaking  of  the  wire  in 
tension,  measured  between  bench  marks  placed  upon  the  wire 
originally  10  ins,  apart.     The  elongation  of  wire  0.204  in.  in  diam- 


Table 

;  I. 

Diameter, 

Area,  circular 

Tensile 

Elongation 

ins. 

mils. 

Strength, 

in  10  ins.. 

lbs.  per  sq.  in. 

per  cent. 

0.460 

211,600 

49,000 

3-75 

0.410 

168,100 

51,000 

3aS 

0-365 

133.225 

52,800 

2.80 

0-325 

105,625 

54.500 

a. 40 

0.  289 

83.520 

56,100 

3.17 

0.258 

66,565 

57,600 

1.98 

0 .  229 

52.440 

59,000 

I  79 

in  60  ins. 

0.  204 

41.615 

60,100 

1.24 

0.  182 

33.125 

61,200 

1. 18 

0 .  165 

27.225 

62,000 

1. 14 

0 .  162 

26,245 

62,100 

1. 14 

0.  144 

20,735 

63,000 

1.09 

0.134 

17.956 

63.400 

1.07 

0.128 

16,385 

63,700 

1.06 

0.  114 

12,995 

64,300 

1.02 

0 .  104 

10,815 

64,800 

1. 00 

0 .  102 

10,404 

64,900 

1 .00 

0.092 

8,464 

65,400 

0.97 

0  .091 

8,281 

65,400 

0.97 

0  .081 

6,561 

65,700 

0-95 

0.080 

6,400 

65,700 

0.94 

0.072 

5.184 

65,900 

0.92 

0  .065 

4,225 

66,200 

0.91 

0.064 

4.096 

66,200 

0.90 

0.057 

3.249 

66,400 

0.89 

0  .051 

2,601 

66,600 

0.87 

0.045 

2,025 

66,800 

0.86 

0040 

T,6oo 

67,000 

0.85 
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eter  and  smaller  shall  be  determined  by  measurements  made  be- 
tween the  jaws  of  the  testing  machine.  The  zero  length  shall 
be  the  distance  between  the  jaws  when  a  load  equal  to  ten  per  cent. 
of  the  required  ultimate  breaking  strength  shall  have  been  applied, 
and  the  final  length  shall  be  the  distance  between  the  jaws  at  the 
time  of  rupture.  The  zero  length  shall  be  as  near  60  ins.  as 
possible.  The  fracture  shall  be  between  the  bench  marks  in  the 
case  of  wire  larger  than  0.204  in.  in  diameter  and  between  the 
jaws  in  the  case  of  smaller  wire,  and  not  closer  than  i  in.  to  either 
bench  mark  or  jaw.  If,  upon  testing  a  sample  from  any  coil  of 
wire,  the  results  are  found  to  be  below  the  values  stated  in  the  table, 
tests  upon  two  additional  samples  shall  be  made,  and  the  average 
of  the  three  tests  shall  determine  acceptance  or  rejection  of  the 
coil.  For  wire  whose  nominal  diameter  is  between  listed  sizes,  the 
requirements  shall  be  those  of  the  next  larger  size  included  in  the 
table. 

Amendment  4. — Insert    after    Paragraph    13    the    following 
heading  and  Paragraphs  14  and  15: 

Figure-Eight  Trolley  Wire. 

14.  Standard  sections  of  figure-eight  trolley  wire  shall  be  as 
shown  in  Fig.  2. 
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s^qnimnMita.  1 5*  The  requirements  for  weight,  physical  properties,  and 
electric  conductivity  of  figure-eight  trolley  wire  shall  be  the  same 
as  for  the  same  sizes  of  grooved  trolley  wire. 

Amendment^. — Rc-numbcr  Paragraj)hs  11,  15,  K),  1;,  is. 
80  as  to  become  respectively  16,  17,  18,  19,  20. 

In  conclusion,  the  Committee  offers  the  following  addition 
to  the  explanatory  notes  accomjmnying  the  specifications: 

8.  Wrap  and  Twist  Tests  -  Since  the  adoption  of  the  Stand- 
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Table  II. — Conductivity  and  Resistivity  of   Copper. 
Temperature  20°  C.  Density  taken  as  8.90. 


Conduct- 
ivity, 
per  cent. 

Ohms  per 
meter-gram. 

Lbs.  per 
mile-ohm. 

Microhms 
per 
cc. 

Microhms 

per 

cu.  in. 

Ohms 
mil-foot. 

102.0 

0. 15002 

856.62 

1.6856 

0.66363 

10. 140 

lOI  .0 

0. 1S017 

857.46 

1.6873 

0.66428 

10.149 

101.8 

0. 1S032 

858.30 

I . 6889 

0. 66494 

10.159 

lOI  .7 

0. I S046 

859.14 

I . 6906 

0. 66559 

10,169 

loi  .6 

0. 15061 

859.99 

1.6923 

0 .66625 

10.179 

loi.s 

0 . 1  5076 

860 .  84 

1.6939 

0.66690 

10. 189 

101.4 

0 . 1S091 

861.68       ■ 

1.6956 

0.66756 

10. 200 

101.3 

0. 15106 

862.54 

1.6973 

0.66822 

10. 210 

lOI  .2 

0. 15121 

863.39 

I . 6990 

0.66888 

10. 220 

lOI  .  I 

0. 1S136 

864.24 

1 .  7006 

0.66954 

10. 230 

lOI  .0 

0.15151 

865.10 

1.7023 

0.67020 

10.240 

100.9 

0. 1 51 66 

865.9s 

I . 7040 

0.67087 

10. 250 

100.  8 

0.1S181 

,866.81 

1.7057 

0.67153 

10. 260 

100.7 

0. 15196 

867.67 

1.7074 

0.67220 

10. 270 

100.6 

0. 15211 

868.54 

1.7091 

0.67287 

lo.aSi 

100. s 

0 .  15226 

869.40 

1.7108 

0.67354 

10. 391 

100.4 

0. 15241 

870,27 

1.712s 

0.67421 

10.301 

100.3 

0.15256 

871.13 

I. 7142 

0.67488 

10.311 

100.2 

0.15272 

872.00 

I. 7159 

0.67555 

10.322 

100. 1 

0.15287 

872.88 

1. 7176 

0.67623 

'0-332 

100. 0 

0.15302 

873.7s 

1.7193 

0.67691 

10.342 

99.9 

0.1S317 

874.62 

I .7211 

0.67758 

10. 353 

99.8 

O.I533J 

87s. SO 

1.7228 

0.67826 

10.363 

99 -7 

0.15348 

876.38 

1.724s 

0.67894 

10.373 

99.6 

0.15364 

877.26 

1.7262 

0.67962 

10.384 

99. S 

0.15379 

878.14 

1.7280 

0.68031 

10.394 

99.4 

0.15394 

879.02 

1.7297 

0 . 68099 

10.405 

99-3 

0. 15410 

879.91 

1.731s 

0.68168 

10.41s 

99.2 

0.15426 

880 . 79 

1.7332 

0.68236 

10.426 

99.1 

0.15441 

8^1.63 

1.7350 

0.68305 

10.436 

99 -o 

0.15457 

882.57 

1.7367 

0.68374 

10.447 

98.9 

0.15472 

883.47 

1.738s 

0.68443 

10.457 

98.8 

0.15488 

884.36 

1.7402 

0.68513 

10.468 

98.7 

0.15504 

885.26 

1.7420 

0.68582 

10.479 

98.6 

0-15519 

886. IS 

1.7438 

0.68652 

10.489 

98. S 

0-I553S 

887.0s 

1.745S 

0.68721 

10.500 

98.4 

0-I5SSI 

887.96 

1.7473 

0.68791 

10.510 

98.3 

0.15567 

888.86 

1.7491 

0.68861 

10.521 

98.2 

0.15583 

889.76 

1.7509 

0.68931 

10.532 

98.1 

0.15598 

890 . 67 

1.7526 

0.69002 

10.543 

98.0 

0.15614 

891.58 

1.7544 

0.69072 

IO.SS3 

97-9 

0.15630 

892.49 

1.7562 

0.69142 

10.564 

97.8 

0.15646 

893  .  40 

1.7580 

0.69213 

10.57S 

97.7 

0. 15662 

894.32 

1.7598 

0.69284 

10.586 

97.6 

0.15678 

895.23 

1.7616 

0.69355 

10.597 

97.  S 

0.15694 

896.15 

1.7634 

0.69426 

10.607 

97.4 

0.15711 

897.07 

1.7652 

0.69497 

10.618 

97.3 

0.15727 

897.99 

1.7671 

0.69569 

10.629 

97.2 

O.IS743 

898.92 

1 . 7689 

0 .69640 

10.640 

97.1 

O.IS759 

899 .  84 

1.7707 

0.69712 

10.651 

97.0 

0.15775 

900.77 

1.7725 

0 .69784 

10.662 

96.9 

0.15792 

901 .70 

1.7743 

0 . 69856 

10.673 

96.8 

0.15808 

902.63 

1.7762 

0 . 69928 

10.684 

96.7 

0.15824 

903.57 

1.7780 

0. 70001 

10.69s 

96.6 

0.15841 

904.50 

1-7799 

0.70073 

10. 706 

96. 5 

0.15857 

90s. 44 

1.7817 

0.70146 

10.717 

96.4 

0.15874 

906.38 

1.7835 

0  .70218 

10.729 

96.3 

0.15890 

907.32 

1.7854 

0.70291 

10.740 

96.2 

0.15907 

908. 26 

4.7873 

0.70364 

10.751 

96.1 

0.15923 

909. 21 

I -7891 

0.70438 

10. 762 

96.0 

0.15940 

910.15 

1.7910 

0.70511 

10.773 
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ard  Specifications  for  Hard- Drawn  Copper  Wire,  proposed  in 
1909,  the  Committee  has  ver\-  carefully  considered  the  matter 
of  twist  and  wTap  tests  and  it  is  their  final  opinion  that  while 
there  might  be  some  possible  reason  for  requiring  that  wire  shall 
stand  wrapping  around  a  wire  of  equal  diameter,  there  can  be 
no  good  reason  for  including  in  specifications  the  requirement 
that  it  shall  stand  unwrapping  and  re-wrapping,  because  such  a 
test  is  indefinite  and  cannot  be  made  otherwise.  It  is  almost 
physically  impossible  to  unwrap  and  re-wrap  hard-drawn  wire 
about  a  wire  of  its  own  diameter.  With  respect  to  twist  tests, 
the  Committee  has  nothing  to  add  to  the  statement  already  on 
record,  condemning  this  character  of  test. 

8.  Elastic  Limit. — Tests  carefully  made  by  members  of  the 
Committee  show  that  the  elastic  limit  of  hard-drawn  copper  wire 
from  sizes  0.460  to  0.325  in.,  inclusive,  averages  55  per  cent,  of  the 
ultimate  tensile  strength  required  in  these  specifications,  with  a 
minimum  value  of  50  per  cent.;  for  sizes  0.324  to  0.040  in.,  in- 
clusive, it  averages  60  per  cent,  of  -  the  ultimate  tensile  strength 
required  in  these  specifications,  with  a  minimum  value  of  55  per 
cent.  This  statement  of  experience  is  based  on  the  definition  of 
elastic  limit  as  "that  point  on  the  elastic  curve  beyond  which  the 
ratio  of  stress  to  strain  ceases  to  be  constant." 

9.  Conductivity. — For  the  convenience  of  those  who  are 
accustomed  to  expressing  resistivity  or  conductivity  in  any  one  of 
several  more  or  less  common  units.  Table  11  has  been  prepared 
giving  the  conductivity  and  resistivity  of  copper  at  20°  C, 
expressed  in  the  several  common  units  and  covering  a  range  of 
resistivity  that  would  be  covered  by  copper  meeting  the  terms 
of  the  specifications. 

Respectfully   submitted   on   behalf   of   the   Committee, 

J.  A.  Capp, 
Chairman, 

Note. — The  above  amendments  were  adopted  by  letter  ballot 
of  the  Society  on  August  21,  191 1.  The  Standard  Specifications 
for  Hard- Drawn  Copper  Wire  as  amended  appear  in  the  Year- 
Book  for  191 1,  pages  11 7-1 26. — Kd. 


REPORT  OF  COMMITTEE  B-2  ON 
NON-FERROUS  METALS  AND  ALLOYS. 

At  the  first  meeting  of  the  Committee  the  work  was  divided 
into  the  following  sections,  and  sub-committees  for  each  section 
were  appointed: 

1.  On  Pure  Metals  in  Ingot  Form:  W.  H.  Bassett,  Chairman. 

2.  On  Wrought  Metals  and  Alloys:  W.  R.  Webster,  Chairman. 

3.  On  Sand  Cast  Metals  and  Alloys:  T.  D.  Lynch,  Chairman. 

4.  On  White  Metals — Tin,  Lead  or  Zinc  Base:  G.  H.  Clamer, 

Chairman. 

Meetings  of  the  sub-committees  were  held  during  the  year, 
and  on  June  19, 191 1,  a  meeting  of  the  Committee  was  held  at 
Columbia  University. 

(i)  The  Proposed  Standard  Specifications  for  Copper- Wire 
Bars,  Cakes,  Slabs,  Billets,  Ingots,  and  Ingot  Bars,  were  presented 
and  accepted.  On  letter  ballot  there  were  22  votes  for  adoption 
and  I  for  amendment.  The  proposed  amendment  read  "that 
the  first  sentence  in  Paragraph  4  shall  apply  to  ingots  and  ingot  bars 
as  well  as  other  varieties  of  copper."  The  reason  given  was  that 
the  appearance  of  the  top  of  ingots  was  important,  as  indicating 
the  condition  of  the  metal.  The  condition  of  the  metal,  however,  is 
fully  controlled  by  Paragraph  3. 

These  specifications  are  therefore  recommended  for  adoption 
by  the  Society. 

(2)  The  Proposed  Standard  Specifications  for  Spelter  were 
presented  and  accepted.  On  letter  ballot  there  were  19  votes  for 
and  I  against  adoption.  The  following  suggestions  were  offered: 
First,  that  full  analytical  methods  be  given  for  lead  and  iron  as 
well  as  cadmium;  and  second,  that  aluminum  be  kept  out  of  the 
"D"  grade,  Prime  Western,  or  else  a  further  grade  be  permitted 
allowing  a  high  lead  percentage  and  eliminating  the  aluminum. 
The  vote  in  the  negative  was  accompanied  by  the  amendment  that 
"  for  'Brass  Special'  spelter,  the  average  of  each  slab^hall  not  exceed : 

Lead o .  60  per  cent. 

Iron o  .  03  " 

Cadmium o .  60  " 

(•39) 
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and  that  the  aggregate  of  all  three  of  these  impurities  shall  not 
exceed  i  percent."  Furthermore,  as  it  is  possible  for  each  single 
slab  of  spelter  to  be  utilized  in  the  production  of  a  single  pot  of 
metal,  if  a  single  slab  contains  a  surplus  of  lead  it  might  cause  the 
rejection  of  the  metal  resulting  from  it,  though  the  average  analysis 
of  ten  slabs  in  a  car  might  be  below  the  specifications.  Therefore, 
the  further  amendment  was  offered  that  "each  single  slab  of 
spelter  shall  show  upon  analysis  no  greater  degree  of  impurity  than 
that  described." 

(3)  The  Proposed  Standard  Specifications  for  Manganese- 
Bronze  Ingots  were  accepted.  On  letter  ballot  there  were  1 7  votes 
for  and  3  against  adoption.  One  member  states:  "  I  am  not  in  favor 
of  having  this  specification  adopted  unless  it  is  made  a  part  of  a 
general  specification  for  copper-zinc  alloys  as  distinct  from  copper- 
tin  alloys.  The  proper  name  for  the  above  alloy  is  'manganese-brass 
ingots.'  It  seems  to  me  that  it  would  be  better  for  the  Committee 
to  consider  a  general  specification  for  brass  under  which  could  be 
included  specifications  for  minor  alloys,  such  as  Tobin  bronze, 
Muntz  metal,  managnese  bronze,  and  common  yellow  brass." 

A  second  objection  raised  was  that  chemical  composition  was 
not  one  of  the  absolute  requirements  determining  acceptance  or 
rejection.  It  was  the  intention  of  the  Committee  to  cover  this  in 
the  first  paragraph.  The  following  amendments  to  these  specifica- 
tions are  therefore  offered: 

In  Paragraph  i,  General,  omit  the  first  paragraph;  after 
Paragraph  i  insert  Paragraph  2,  Chemical  Composition. 

2.   The  chemical  composition  shall  be  as  follows: 

Copper . .  .     5  5    to    60      per  cent. 

Zinc  ..     39    to    45 
Iron  .  not  over    2 

Tin "        "        a 

Alumininn  "       0.5 

Manganesr  ""0.5 

In  Paragraph  6,  Rejections, omit  the  words  "accepted  or,"  and 
add  the  words  "or  chemical  comi)osilion"  after  the  words  "the 
physical  tests;"  thtis  making  the  |)aragrai)h  read: 

"All  ingots  in  each  lot  will  be  rejected  uj)on  the  physical  tests 
or  chemical  composition,  irrespective  of  the  heat  or  heats  from 
which  the  test  ingots  arc  selected." 
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Change  the  designations  of  existing  Paragraphs  2,  3,  4,  5,  6,  to 
Paragraphs  3,  4,  5,  6,  7. 

Insert  new  Paragraph  8,  Investigation  of  Claims,  as  follows: 
8.  *'In  case  the  buyer's  tests  show  that  the  material  does  not 
meet  these  specifications,  the  seller  shall  have  an  opportunity  to  in- 
spect the  material  and  each  party  shall  select  a  sample  for  re-test. 
If  the  results  do  not  agree,  each  shall  select  a  sample  to  be  sent 
to  a  mutually  agreeable  umpire,  whose  decision  shall  be  final. 
The  costs  of  such  re- tests  shall  be  paid  by  the  loser." 

(4)  The  Sub-Committee  on  Wrought  Metals  reports  progress. 
At  the  present  time  the  representatives  of  the  producing  interests 
are  engaged  in  drawing  up  tentative  specifications  for  submission 
to  the  sub-committee.  It  had  been  hoped  that  these  would  be 
ready  in  time  to  secure  action  to  be  reported  at  this  meeting,  but 
after  much  consideration  and  discussion  it  was  found  impossible 
to  present  the  matter  in  such  a  degree  of  completeness  as  was  felt 
desirable  before  calling  the  sub-committee  together. 

The  problem  of  preparing  specifications  for  wrought  non- 
ferrous  metals  presents  diflkulties  not  encountered  in  connection 
with  materials  not  capable  of  so  wide  a  range  of  adaptability  to 
var)'ing  reijuirements.  Little  in  the  way  of  data  connecting 
quantitative  measurement  with  specific  application  is  found  on 
record.  It  has  been  and  is  the  custom  of  the  trade  to  determine 
suitability  mainly  by  the  test  of  use.  For  certain  purposes  very 
narrow  limits  both  of  mixture  and  heat  treatment  may  be  necessar;-, 
while  for  other  and  equally  important  ones  various  combinations 
of  mixture,  heat  treatment  and  temper  may  be  permissible,  the 
limits  in  any  particular  case  reeiuiring  to  be  determined  tentatively. 
An  added  complication  arises  from  the  fact  that  the  methods  prac- 
ticed by  consumers  arc  not  standard,  oftentimes  leading  to  the 
necessity  of  supplying  ditTercnt  qualities  of  material  for  identical 
purposes.  Moreover,  brass  is  made  in  lots  individually  so  small 
as  to  preclude  the  possibility  of  an  analysis  or  test  of  each  lot. 

The  few  specifications  which  exist  are  usually  defective  in 
that  they  are  drawn  to  meet  the  extremely  narrow  requirements  of 
some  specific  usage,  and  frequently  under  limitations  which,  while 
necessary  for  the  case  intended  to  be  covered,  are  nevertheless 
insufficiently    comprehensive. 

(5)  The  Sub-Committee  on  White  Metals   reports  progress. 
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They  are  collecting  data  and  are  making  bearing  tests  on  babbitt 
metals. 

(6)  The  Future  Work  of  the  Committee. — It  is  the  unanimous 
feeling  of  the  Committee  that  the  non-ferrous  branch  should  be 
represented  on  the  Executive  Committee. 

On  account  of  the  complexity,  volume,  and  widely  differing 
aspects  of  the  work  in  non-ferrous  metals  and  alloys,  it  is  almost 
impossible  for  a  single  committee  of  normal  size  to  work  efficiently 
and  intelligently,  even  with  numerous  sub-committees.  The 
Committee  therefore  strongly  recommends  that  the  non-ferrous 
work  of  the  Society  be  handled  by  definite  subjects,  as  for  example 
in  the  form  of  questions,  similar  to  the  method  used  by  the  Inter- 
national Association. 

Respectfully  submitted  on  behalf  of  the  Committee, 

William  Campbell, 

Chairman. 

Note. — The  Proposed  Standard  Specifications  for  Copper- 
Wire  Bars,  Cakes,  Slabs,  Billets,  Ingots,  and  Ingot  Bars;  for 
Spelter;  and  for  Manganese-Bronze  Ingots,  were  adopted  by 
letter  ballot  of  the  Society  on  August  21,  1911,  and  follow  this  re- 
port.— Ed. 
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STANDARD   SPECIFICATIONS  FOR   COPPER-WIRE 

BARS,  CAKES,  SLABS,  BILLETS,  INGOTS, 

AND  INGOT   BARS. 

Adopted  August  21,   1911. 

1.  All  wire  bars,  cakes,  slabs,  and  billets  shall  be  stamped  Marks. 
with  the  maker's  brand  and  furnace  charge  mark.     Ingots  and 
ingot  bars  shall  have  a  brand  stamped  or  cast  in,  but  need  have  no 
furnace  charge  mark. 

2.  The  refmer  shall  arrange  carloads  or  lots  so  that  as  far  as  Lots, 
possible  each  shall  contain  pieces  from  but  one  furnace  charge, 

in  order  to  facilitate  testing  by  the  user. 

3.  (a)  Metal  Contents. — ^The  copper  in  all  shapes  shall  have  Quality 
a  purity  of  at  least  99.880  per  cent,  as  determined  by  electrolytic 
assay,  silver  being  counted  as  copper. 

{h)  Conductivity. — ^AU  wire  bars  shall  have  a  conductivity 
of  at  least  98.5  per  cent,  (annealed);  all  ingots  and  ingot  bars  shall 
have  a  conductivity  of  at  least  97.5  per  cent,  (annealed),  excepting 
only  arsenical  copper,  which  shall  have  a  conductivity  of  not  less 
than  90  per  cent,  (annealed). 

Cakes,  slabs,  and  billets  shall  come  under  the  ingot  classifica- 
tion, except  when  specified  for  electrical  use  at  time  of  purchase, 
in  which  case  wire-bar  classification  shall  apply. 

The  "Annealed  Copper  Standard,"  or  resistance  of  a  meter- 
gram  of  standard  annealed  copper  at  20°  C,  shall  be  considered  as 
0.15302  international  ohm.    The  per  cent,  conductivity  for  the 
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purposes  of   this  specification   shall    be   calculated   by   dividing 
the  resistivity  of  the  Annealed  Copper  Standard  by  the  resistivity  of 
the  sample  at  20°  C. 
lysicai  4.  Wire  bars,  cakes,  slabs,  and  billets  shall  be  substantially 

^^^  '  free  from  shrink  holes,  cold  sets,  pits,  sloppy  edges,  concave  tops 

and  similar  defects  in  set  or  casting.     This  clause  shall  not  apply 
to  ingots  or  ingot  bars,  in  which  case  physical  defects  are  of  no 
consequence, 
eights  of  5,  Five  per  cent,  variation  in  weight  or  ^  in.  variation  in  any 

iividu  leces.  ^jjj^gjjgJQj^  irom  the  refiner's  published  list  or  purchasei's  speci- 
fied size  shall  be  considered  good  delivery;  provided,  however, 
that  wire  bars  may  vary  in  length  i  per  cent,  from  the  listed  or 
specified  length,  and  cakes  3  per  cent,  from  the  listed  or  specified  size 
in  any  dimension  greater  than  8  ins.  The  weight  of  ingot  and 
ingot-bar  copper  shall  not  exceed  that  specified  by  more  than  10 
per  cent.,  but  otherwise  its  variation  is  not  important. 
iima.  6.  Claims  must  be  made  in  writing  within  thirty  days  of 

receipt  of  copper  at  the  customer's  mill,  and  the  results  of  the 
customer's  tests  shall  accompany  such  claims.  The  refiner  shall 
be  given  one  week  from  date  of  receipt  of  complaint  to  investigate 
his  records,  and  shall  then  either  agree  to  replace  the  defective 
copper  or  send  a  representative  to  the  mill.  No  claims  will  be 
considered  unless  made  as  above  stated,  and  if  the  copper  in  ques- 
tion, unused,  cannot  be  shown  to  the  refiner's  representative. 
Claims  against  quality  will  be  considered  as  follows: 
(a)  Conductivity  by  furnace  charges,  ingot  lots,  or  ingot-bar 


lots. 
lots. 


(b)  Metal  contents  by  furnace  charges,  ingot  lots,  or  ingot-bar 

(c)  Physical  defects  by  individual  pieces. 

(d)  Variation  in  weights  or  dimensions  by  individual  pieces. 

rMiic«tion  7.  The  refiner's  representative  shall  inspect  all  pieces  where 

physical  defects  or  weight  or  dimension  variation  is  claimed.  If 
agreement  is  not  reached  the  question  of  fact  shall  be  submitted 
to  a  mutually  agreeable  umpire,  whose  decision  shall  be  final. 

In  a  question  of  metal  contents  each  party  shall  select  a  sample 
of  two  pieces.  These  shall  be  drilled  in  the  presence  of  both 
parties,  several  holes  approximately  ^  in.  in  diameter  being  drilled 
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completely  through  each  piece,  scale  from  set  to  be  rejected.  No 
lubricant  shall  be  used  and  drilling  shall  not  be  forced  sufficiently 
to  cause  oxidation  of  chips.  The  resulting  samples  shall  be  cut  up, 
mixed,  and  separated  into  three  parts,  each  of  which  shall  be  placed 
in  a  sealed  package,  one  for  each  party  and  one  for  the  umpire  if 
necessary.  Each  party  shall  make  an  analysis,  and  if  the  results 
do  not  establish  or  dismiss  the  claim  to  the  satisfaction  of  both 
parties  the  third  sample  shall  be  submitted  to  a  mutually  agreeable 
umpire,  who  shall  determine  the  question  of  fact,  and  whose  deter- 
mination shall  be  final. 

In  a  question  of  conductivity  each  party  shall  select  two 
samples,  and  in  the  presence  of  both  parties  these  shall  be  rolled 
hot  and  drawn  cold  into  wire  of  0.080  in.  diameter,  which  shall  be 
annealed  at  approximately  500°  C.  Three  samples  shall  be  cut 
from  each  coil  and  the  same  procedure  followed  as  described  in  the 
previous  paragraph. 

8.  The  expenses  of  the  shipper's  representative  and  of  the  Settlement 
umpire  shall  be  paid  by  the  loser,  or  divided  in  proportion  to  the  °     *^*' 
concession  made  in  case  of  compromise.     In  case  of  rejection 
being  established,  the  damage  shall  be  limited  to  payment  of 
freight  both  ways  by  the  refiner  for  substitution  of  an  equivalent 
weight  of  copper  meeting  these  specifications. 

Explanatory  Note. 

These  specifications  are  intended  to  allow  for  the  fact  that  the 
refiner  produces  copper  and  gauges  its  quality  in  furnace  charge 
lots,  while  the  user  purchases  copper  in  carload  lots,  necessarily 
obtaining  a  different  basis  for  sampling. 

It  is  intended  to  cover  in  these  specifications  an  average  grade 
of  copper  suitable  for  all  mechanical  uses  and  for  making  alloys 
to  be  used  in  various  wrought  forms. 

The  specifications  also  recognize  the  fact  that  certain  shapes 
are  largely  put  to  electrical  uses  where  high  electrical  conductivity 
is  important. 

They  do  not  take  into  consideration  the  so-called  casting  cop- 
per used  for  the  purpose  of  alloying  with  other  metals  to  produce 
cast  shapes. 
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STANDARD  SPECIFICATIONS  FOR  SPELTER. 

Adopted  Aroi-sr  21,  191 1. 

I.  Under  these  specifications  \'irgin  Spelter,  that  is,  spelter 
made  from  ore  or  similar  raw  material  by  a  process  of  reduction 
and  distillation  and  not  produced  from  re-worked  metal,  is  c^m- 
sidered  in  four  grades,  as  follows : 

A High  Grade. 

B Intermediate. 

C Brass  Special. 

D Prime  Western. 

Marks.  2.   A  brand  shall  be  cast  in  each  slab  by  which  the  maker 

and  grade  can  be  identified. 
i>ota.  3.   The  maker  shall  use  care  to  have    each  carload  of  as 

uniform  quality  as  possible. 
CompodLiioB.  4.   A .  High  Grade. — The  spelter  shall  not  contain  over 

0.07  per  cent.  lead. 
0.03     "      "     iron. 
0.05     "      "    cadmium. 

It  shall  be  free  from  aluminum. 

The  sum  of  the  lead,  iron,  and  cadmium  shall  not  exceed  0.10 
per  cent. 
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B.  Intermediate. — The  spelter  shall  not  contain  over 

0.20  per  cent.  lead. 
0.03  "  "  iron. 
0.50     "      "      cadmium. 

It  shall  be  free  from  aluminum. 

The  sum  of  the  lead,  iron,  and  cadmium  shall  not  exceed  0.50 
per  cent. 

C.  Brass  Special. — The  spelter  shall  not  contain  over 

0.75  per  cent.  lead. 
0.04  ''  "  iron. 
0.75     "      "     cadmium. 

It  shall  be  free  from  aluminum. 

The  sum  of  the  lead,  iron,  and  cadmium  shall  not  exceed  i .  20 
per  cent. 

D.  Frime  Western. — The  spelter  shall  not  contain  over 

1 .  50  per  cent.  lead. 
0.08     "      "      iron. 

5.  The  slabs  shall  be  reasonably  free  from  surface  corrosion  Physical, 
or  adhering  foreign  matter. 

6.  Not  less  than  ten  slabs  shall  be  taken  as  a  sample  from  each  Sampling, 
car;  for  smaller  lots,  in  the  same  proportion  to  the  total  number, 

but  in  no  case  less  than  three  slabs.  In  case  of  dispute  half  of  the 
sample  is  to  be  taken  by  the  maker  and  half  by  the  purchaser; 
and  the  whole  shall  be  mixed. 

The  slabs  selected  as  samples  are  to  be  sawed  completely 
across  and  the  sawdust  used  as  a  sample.  In  case  no  saw  is  avail- 
able for  this  purj>ose,  thj  slabs  should  be  drilled  completely 
through  and  the  drillings  cut  up  into  short  lengths.  The  saw  or 
drill  used  must  be  thoroughly  cleaned.  No  lubricant  shall  be 
used  in  either  sawing  or  drilling,  and  the  sawdust  or  drilling  must 
be  carefully  treated  with  a  magnet  to  remove  any  particles  of  iron 
derived  from  the  tools. 

7.  Lead. — For  the  determination  of  lead  in  High  Grade  not  Analysis. 
Tess  than  25  grams,  in  Intermediate  not  less  than  15,  in  Brass  Special 

not  less  than  10,  and  in  Prime  Western  not  less  than  5  grams, 
shall  be  taken;  that  is,  the  sample  used  for  analysis  should  not 
contain  less  than  0.0 1  gram  lead. 
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CUimi. 


Min 

Treatment. 


InTestication 
of  Claiou. 


Iron. — ^The  sample  for  iron  should  contain  not  less  than  25 
grams  for  the  three  higher  grades  and  not  less  than  10  grams  for 
Prime  Western.  The  entire  sample  must  be  dissolved,  the  iron 
precipitated  as  ferric-hydroxide,  then  re-dissolved,  reduced,  and 
the  iron  determined  by  titration. 

Cadmium. — Dissolve  25  grams  in  330  cc.  of  a  solution  of  one 
part  of  hydrochloric  acid  (specific  gravity  1.2)  and  five  parts  of 
water.  Let  it  stand  over  night;  filter  and  wash;  reject  filtrate 
and  dissolve  the  residue,  which  should  be  about  5  per  cent,  of  the 
zinc,  in  nitric  acid.  Add  10  cc.  of  sulphuric  acid;  evaporate  to 
fumes;  dilute  and  filter  out  and  wash  the  lead  sulphate.  Dilute 
the  solution  to  500  cc;  add  5  grams  of  ammonium  chloride;  pass 
a  slow  stream  of  hydrogen  sulphide  for  one  hour  and  let  stand  for 
about  five  hours;  filter,  wash  with  hot  water;  dissolve  in  10  cc. 
of  sulphuric  acid  and  50  cc.  of  water;  filter  and  wash.  Dilute  to 
400  CO.;  precipitate  with  hydrogen  sulphide  as  before.  Weigh 
as  cadmium  sulphide  or  dissolve  in  hydrochloric  acid  and  titrate 
with  potassium  ferrocyanide. 

8.  Claims  to  be  considered  shall  be  in  writing  within  thirty  days 
of  receipt  of  material  at  customer's  mill  and  the  results  of  customer's 
test  shall  be  given.  The  shipper  shall  be  given  one  week  from  date 
of  receipt  of  such  claim  to  investigate  his  records  and  then  shall 
either  agree  to  satisfy  the  claim  or  send  a  representative  to  the  mill. 

(a)  Analysis  by  Car  Lots. — No  claims  shall  be  considered 
unless  the  minimum  samples  as  specified  for  the  grade  in  question 
can  be  shown  to  such  representative. 

(b)  Physical  Dejects  oj  Individual  Pieces. — No  claims  shall 
be  considered  unless  the  spelter  in  question,  unused,  can  be  shown 
to  such  representative. 

9.  Where  the  spelter  satisfies  the  chemical  and  physical  re- 
quirements of  these  specifications,  it  shall  not  be  condemned  for 
defects  of  alloys  in  which  it  is  used  or  for  defects  in  the  coating  of 
galvanized  i)roducts. 

10.  The  maker's  representative  shall  inspect  all  pieces  where 
physical  defects  arc  claimed.  If  agreement  is  not  reached  the 
question  of  fact  shall  be  submitted  to  a  mutually  agreeable  umpire, 
whose  decision  shall  be  final. 
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On  a  question  of  metal  contents  an  adequate  sample  shall 
be  drawn  by  the  representatives  of  both  parties;  the  sample  shall 
be  prepared  from  the  slabs  so  selected  as  described  under  "Sam- 
pling. "  The  sample  shall  be  mixed  and  separated  into  three  parts, 
each  of  which  shall  be  placed  in  a  sealed  package,  one  for  each 
party  and  one  for  the  umpire  if  necessary.  Each  party  shall  make 
an  analysis  and  if  the  results  do  not  establish  or  dismiss  the  claim 
to  the  satisfaction  of  both  parties,  the  third  sample  shall  be  sub- 
mitted to  a  mutually  agreeable  umpire,  who  shall  determine  the 
question  of  quality  and  whose  determination  shall  be  final. 

IT.  The  expenses  of  the  maker's  representative  and  of  the  settlement 
umpire  shall  be  paid  by  the  loser  or  divided  in  proportion  to  °'  Claims, 
concession  made  in  case  of  compromise. 

In  case  of  rejection  being  established,  damages  shall  be 
limited  to  the  payment  of  freight  both  ways  by  the  maker  for  sub- 
stitution of  an  equivalent  weight  of  spelter  meeting  these  specifica- 
tions. 
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STANDARD  SPECIFICATIONS   FOR  MANGANESE 
BRONZE  INGOTS. 

Adopted  August  21,   1911. 

Genend.  I.  This  specification  is  intended  to  cover  manganese-bronze 

ingots,  having  notched  flat  bottoms,  approximately  3  by  2f  ins. 
wide  by  1 2  ins.  long,  properly  tapered  to  strip  easily  from  an  iron 
mold. 

Chemical  2.  The  chemical  comi)osition  shall  be  as  follows: 

Composition. 

Copper  .55      to         60    percent. 

Zinc.  . 
Iron. .  . 

Tin 

Aluminum 

Manganese.  .    • not  over        0.5  "       " 

Physical  3.    The  ultimate  tensile  strength  shall  be  not  less  than  70,000 

Properties.       ^^^    ^^^  ^^    ^^ 

The  elongation  in  2  ins.  shall  be  not  less  than  20  per  cent. 
Tert  4.  The  standard  turned  test  sj)ccimen,  as  shown  by  Fig.  1, 

***''        '    0.5  in.  diameter  and  2  ins.  gauge  length,  shall  be  used  to  deter- 
mine the  |)hysical  properties  as  sj)ecified  above. 
nunib«r  and  5.  Onc  test  ingot  shall  be  selected  by  thein>i>(.c  u>r  iw  hi-umuI 

c^«rt°        10.000  lbs.  of  ingots  or  fraction  thereof.     The  test  s|)ecimen  shall 
ofSpeciffleoa.  5^  cut  from  one  corner  near  the  bottom  of  the  ingot.     In  case  the 
test  specimen  shows  a  flaw,  two  additional  tests  may  be  selected 
by  the  inspector  from  the  same  lot,  and  tested  to  represent  the  lot 
in  question. 

(«50) 
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6.  Each  furnace  charge  shall  be  kept  separate  until  the  lot  is  Marking, 
sampled  by  the  inspector,  and  each  ingot  thereof  stamped  with  its 
proper  heat  number.     When  the  ingot  is  sampled  at  destination, 
various  heats  can  be  mixed  in  shipment,  but  must  be  stamped  with 
their  proper  heat  number. 


Fig.  I. 

7.  All  ingots  in  each  lot  will  be  rejected  upon  the  physical  Rejections. 
tests  or  chemical  composition,  irrespective  of  the  heat  or  heats 

from  which  the  test  ingots  are  selected. 

8.  In  case  the  buyer's  tests  show  that  the  material  does  not  investigation 
meet  these  specifications,  the  seller  shall  have  an  opportunity  to  ***  *-^*»™^- 
inspect  the  material  and  each  party   shall  select  a    sample    for 

re-test.  If  the  results  do  not  agree,  each  shall  select  a  sample  to 
be  sent  to  a  mutually  agreeable  umpire,  whose  decision  shall  be 
final.     The  costs  of  such  re-tests  shall  be  paid  by  the  loser. 


REPORT  OF   COMMITTEE   C-3   ON 

STANDARD   SPECIFICATIONS   FOR   PAVING  AND 

BUILDING   BRICK. 

The  Committee  announces  with  sincere  regret  the  resignation 
from  the  chairmanship  and  withdrawal  from  the  Committee  of 
Mr.  L.  W.  Page,  whose  duties  as  chairman  of  the  very  large  and 
important  committee  on  road  materials  are  so  exacting  that  he  feels 
he  can  no  longer  serve  on  Committee  C-3.  Mr.  Page  has  been 
a  member  of  the  Committee  since  its  formation  and  has  for  a 
number  of  years  served  as  its  chairman.  His  resignation  was 
accepted  with  reluctance,  protest,  and  deep  regret.  Upon  nomi- 
nation by  him  an  acting  chairman  was  selected  to  fill  the  unexpired 
term. 

The  program  announced  last  year  has  been  only  partially 
executed  on  account  of  difficulties  which  have  arisen  in  securing 
and  transporting  materials  to  all  of  the  laboratories  that  agreed  to 
cooperate  in  the  work.  Additional  information  has  been  secured. 
but  it  is  not  sufficient  to  justify  the  Committee  in  attempting  to 
submit  specifications  to  the  Society  for  consideration. 

The  present  scope  of  the  subjects  before  the  Committee. 
and  the  widely  differing  considerations  that  arise  in  studying  the 
various  elements  which  must  enter  into  the  preparation  of  standard 
specifications  for  paving  and  building  brick,  have  led  the  Com- 
mittee to  form  its  membership  into  two  Sub-Committees;  one  on 
Paving  Brick  and  the  other  on  Building  Brick. 

The  membership  of  the  Committee  has  been  increased  so  that 
all  interests  involved,  including  manufacturers,  testing  and  investi- 
gating laboratories,  and  consumers,  are  represented,  and  it  is 
ho{K'd  that  with  the  re-organization,  the  promises  which  have 
Ix'cn  made  for  several  years  may  within  the  next  year  begin  to 
bring  results  which  will  reward  the  Society  for  its  patience  and 
indulgence. 

Respectfully  submitted  on  behalf  of  the  Committee, 

D.  E.  DouTY, 
E.  W.  Lazell,  Acting  Chairman. 

Sefretary. 


REPORT  OF  COMMITTEE  C-4  ON 

STANDARD  SPECIFICATIONS  AND  TESTS  FOR  CLAY 

AND  CEMENT  SEWER  PIPES. 

The  Committee  begs  to  submit  the  following  progress  report 
on  the  work  it  has  done  during  the  past  year: 

The  plan  along  which  the  work  has  been  carried  out  was 
outlined  in  previous  reports.  The  work  was  divided  into  three 
classes:  first,  the  demands  made  upon  sewer  pipes;  second,  the 
practical  examination  and  tests  to  secure  materials  and  manu- 
facture of  pipe  answering  the  foregoing  demands;  and  third,  the 
specifications  for  the  work  of  laying  pipes  under  the  usual  condi- 
tions occurring  in  practice. 

The  Committee  has  as  yet  been  studying  only  the  first  and 
second  parts,  since  the  third  part  will  be  based  to  some  extent  upon 
the  conclusions  reached  in  the  others.  It  will  be  seen  that  the 
matter  relates  equally  to  clay  and  cement-concrete  pipes  and  that 
the  demands  upon  the  pipes  are  considered  with  reference  to  the 
conditions  affecting  their  strength,  durability,  and  serviceability. 
With  the  demands  thus  fixed  for  all  practicable  conditions,  it  will 
be  possible  to  consider  the  properties  of  the  several  materials  and 
the  tests  which  can  be  practicably  applied  thereto  to  determine  their 
compliance  with  the  demands. 

The  classified  analytical  data  accompanying  this  report  may 
be  considered  a  complete  preliminary  digest  of  the  subject  for  the 
research  and  consideration  of  the  entire  membership  of  the  Com- 
mittee. It  will  be  observed  that  the  various  phases  of  all  the  sub- 
jects have  been  reduced  to  interrogatory  form  for  the  purpose  of 
assisting  discussion  of  the  main  subjects  and  their  co-related 
matters.  It  is  also  believed  that  by  this  procedure  the  opinions  of 
the  several  members  can  be  more  readily  reduced  to  a  common 
basis  of  agreement  or  dissension.  Some  of  the  subjects  have 
already  been  assigned  to  sub-committees. 

Regarding  the  second  class  of  data,  "  Examinations  and  Tests," 
it  should  be  observed  that  the  nature  and  extent  of  many  of  these 
must  depend  largely  upon  the  determinations  to  be  arrived  at  as  to 
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the  demands  upon  the  pipes  and  their  properties.  This  part  of  the 
subject  has,  however,  been  treated  in  the  same  manner  as  the  first 
class  of  data  in  order  that  such  as  can  may  be  promptly  disposed  of, 
and  that  discussion  of  the  remainder  may  proceed  as  rapidly  as 
agreement  upon  demands  and  properties  and  materials  can  be 
reached. 

It  is  believed  the  work,  as  laid  out,  exceeds  in  its  scope  previous 
treatment  which  this  subject  has  received.- 

Since  the  last  report  the  officers  of  the  Committee  have  held 
sixteen  meetings,  in  addition  to  which  correspondence  has  been  held 
with  the  several  members  in  various  parts  of  the  country. 

It  is  the  purpose  to  hold  at  least  one  meeting  during  the 
convention  for  discussion  of  the  subject  by  all  members  of  the 
Committee  who  may  attend. 

Respectfully  submitted  on  behalf  of  the  Committee, 

Rudolph  Hering, 

Chairman. 

E.  J.  Fort,  A.  J.  Provost,  Jr., 

Secret ary.  I  icc-Ch a irman. 


SCHEDULE  OF  ANALYTICAL  DATA  FOR  SEWER  PIPE 

DEMANDS  AND  PROPERTIES;  MILL,  FIELD 

AND  LABORATORY  TESTS. 


FIRST  CLASS  OF  DATA:  THE  DEMANDS  MADE 
UPON  SEWER  PIPES. 

I.  CONDITIONS  AFFECTING  STRENGTH. 

(a)  Resistance  to  External  Forces. — What  external  forces  are 
imposed  upon  sewer  pipes  under  conditions  of  use?  (Load: 
lbs.  per  hor.  sq.  ft.  for  several  classes  of  depth;  Impact: 
Idnelic  energy,  mir^/2,  for  several  classes  of  depth.) 

(6)  Resistance  to  Internal  Forces.— What  internal  forces  are 
imposed  upon  sewer  pipes  under  conditions  of  use?  (Hy- 
drostatic pressure:  lbs.  per  sq  .in.) 

A.     Clay  Pipe. 

1.  (a)  Physical  Properties  of  Raw  Malerials. — What  physical 
properties  should  a  clay  or  mixture  of  clays  have  to  satisfy  the 
above  demands  for  strength  in  the  finished  product? 

ib)  Chemical  Properties  of  Raw  Materials. — What  chemical 
properties  should  a  clay  or  mixture  of  clays  have  to  satisfy  the  above 
demands  for  strength  in  the  finished  product  ? 

2.  Porosity  or  Compactness. — \\'^hat  is  the  allowable  limit  of 
porosity  and  uniformity  of  porosity  to  satisfy  the  above  demands 
for  strength  ? 

3.  Toughness. — How  shall  the  toughness  required  to  satisfy 
the  above  demands  for  strength  be  expressed  ? 

4.  Vitrification. — How  far  should  vitrification  be  considered 
as  afiFecting  strength  to  satisfy  the  abo\'e  demands  for  strength? 

5.  Fire  Cracks,  Blisters  and  Laminations.— What  are  the  per- 
missible limits  to  satisfy  the  above  demands  for  strength  ? 

6.  Thickness  of  Shell.— (a)  In  what  manner  should  the  rela- 
tion between  the  thickness  of  shell  and  its  strength  be  expressed 
for  various  loads? 

(155) 


156  Report  of  Committee  C-4 

(b)  Should  the  thickness  of  pipe  shell  be  expressed  as  a  func- 
tion of  the  diameter  for  constant  load  ?  If  so,  by  what  algebraic 
formula  should  the  thickness  be  expressed  ? 

(c)  How  many  classes  of  pipe  should  be  provided?  (See 
external  stress  load.) 

7.  En{Js  of  Pipe  and  Jointing  Materials. — What  details  of 
joints  are  most  important  in  affecting  strength  of  pipe  laid  ? 

{a)  Shape  and  dimensions. 
(6)  Making  of  joints. 

1.  Materials:  their  strength  and  rigidity. 

2.  Alethods  of  application  of  the  materials. 

8.  Branches,  Spurs,  etc. — {a)  Method  of  attachment  to  pipe. 
ih)  Angle  of  junction  with  pipe. 

(c)  Dimensions. 

B.     Cement-Concrete  Pipe. 

I  a.  Physical  Properties  of  Ingredients. 

(a)  Cement. — What  physical  properties  should  the  cement 
have  to  satisfy  the  above  demands  for  strength  in  the 
finished  product  ?  (Uniformity,  fmeness,  weight,  water, 
absoqjtion,  etc.)  Are  the  standard  sj)Ccifications  here- 
tofore adopted  (American  Society  of  Civil  Engineers  and 
American  Society  for  Testing  Materials)  sufTicicnt? 

{b)  Sand. — What  physical  properties  should  the  sand  have  to 
satisfy  the  above  demands  for  strength  in  the  finished 
product?     (Fineness,  cleanness,  sharpness,  etc.) 

(c)  Stone. — What  i)hysical  properties  should  the  stone  have  to 
satisfy  the  above  demands  for  strength  in  the  finished 
product?  (Uniformity  of  size,  average  diameters, 
hardness,  cleanness,  structural  character,  etc.) 

{d)  Water. — What  degrees  of  clcarmess  should  the  water  have 
and  what  limits  of  temperature  arc  allowable  to  satisfy 
the  above  demands  for  strength  in  the  finished  product  ? 

(<)  Waterproofing  Com  pounds.  What  physical  characteristics 
should  a  waterpnKjfing  compound  |)ossess  to  satisfy 
the  above  demand  '<•'•  -trength  in  the  finished 
product  ? 
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I  b.  Chemical  Properties  of  Ingredients. 

(a)  Cement. — What  chemical  properties  should  the  cement 

have  to  satisfy  the  above  demands  for  strength  in  the 
finished  product  ?  Are  the  standard  specifications  here- 
tofore adopted  (American  Society  of  Civil  Engineers  and 
American  Society  for  Testing  Materials)  sufficient  ? 

(b)  Sand. — What  chemical  properties  should  the  sand  have  to 

satisfy  the  above  demands  for  strength  in  the  finished 
product?  (Silicious,  calcareous,  aluminaceous,  mica- 
ceous, etc.) 

(c)  Stone. — What  chemical  properties  should  the  stone  have  to 

satisfy  the  above  demands  for  strength  in  the  finished 
product?     (Beneficial  and  deleterious.) 

(d)  Water. — What  chemical  properties  should  the  water  have 

to  satisfy  the  above  demands  for  strength  in  the  finished 
product?     (Salinity,  acidity,  alkalinity,  etc.) 

(e)  Waterproofing    Compounds. — What   chemical    properties 

should  a  waterproofing  compound  possess  to  satisfy 
the  above  demands  for  strength  in  the  finished  product  ? 

2.  Pr  J  portions  of  Ingredients. — What  considerations  should 
govern  the  determination  of  the  best  proportions  of  the  above 
ingredients  to  satisfy  the  above  demands  for  strength  in  the  finished 
product?  How  can  these  proportions  be  varied  to  correspond 
with  the  \arying  physical  characteristics  of  stone  and  sand  available 
in  different  localities? 

3.  Porosity  or  Compactness. — What  are  the  effects  upon  the 
strength  of  the  finished  product  caused  by  \arious  degrees  of  poros- 
ity? What  are  the  allowable  limits  of  porosity  and  uniformity  of 
porosity  to  satisfy  the  above  demands  for  strength  ? 

4.  Toughness. — How  shall  the  toughness  required  to  satisfy 
the  above  demands  for  strength  be  expressed  ? 

5.  Age  of  Pipe  before  Use. — How  old  should  pipe  be  before 
fair  tests  can  be  made,  and  when  can  the  ultimate  strength  be 
safely  estimated? 

6.  Hair  Cracks. — How  deep,  wide,  long,  extensive,  and 
frequent  may  hair  cracks  be  without  materially  affecting  the 
strength  of  the  pipe? 
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7.  Thickness  of  Shell. — (a)  In  what  manner  should  the  rela- 
tion between  the  thickness  of  shell  and  its  strength  be  expressed  for 
various  loads? 

(6)  Should  the  thickness  of  pipe  be  expressed  as  a  function 
of  the  diameter  for  constant  load?  If  so,  by  what  algebraic 
formula  should  the  thickness  be  expressed  ? 

(c)  How  many  classes  of  pipe  should  be  provided?  (See 
external  stress  load.) 

8.  Ends  of  Pipes  and  Jointing  Materials. — What  details  of 
joints  are  most  important  in  affecting  the  strength  of  pipe  laid? 

(a)  Shape  and  dimensions. 
(6)   Making  of  joints. 

1.  Materials:  their  strength  and  rigidity. 

2.  Methods  of  application  of  the  materials. 

9.  Branches,  Spurs,  etc. — (a)  Method  of  attachment  to  pipe. 
{b)  Angle  of  junction  with  pipe. 

{c)   Dimensions. 

II.  CONDITIONS  AFFECTING  DURABILITY. 

A.     Resistance  to  Disintegration  by  Acids,  Alkalies, 
Steam,  and  Frost. 

(a)  Clay  Pipe. 

1.  Physical  and  Chemical  Properties  of  Materials. — What 

physical  and  chemical  pro])erties  of  clay  or  mixtures 
of  clays  are  required  to  resist  disintegration  by  acids, 
alkalies,  steam,  frost,  etc.,  after  proper  burning? 

2.  Porosity  or  Compactness. — What  relation  has  porosity  to 

disintegration  by  acids,  alkalies,  steam,  frosH,  etc.,  and 
what  are  its  allowable  limits? 

3.  Vitrification. — What  is  the  relation  between  vitrification 

and  disintegration  by  acids,  alkalies,  steam,  frost,  etc.  ? 

4.  Glazing. — What  should  be  the  character  of  the  gUi/ing 

to  resist  disintegration  by  acids,  alkalies,  steam,  frost, 
etc,  ?     (Salt  and  other  glazings.) 

5.  JAmils  allmvahlc  for  Fire  Cracks,  Blisters,  etc. — What 

arc  the  allowai)Ic  limits  for  fire  cracks,  blisters,  etc., 
to  resist  disintegration  by  acids,  alkalies,  steam  and 
frost? 


On  Clay  and  Cement  Sewer  Pipes.  159 

(b)  Cement-Concrete  Pipe. 

1.  Physical  and  Chemical  Properties  of  Ingredients:  Ce- 

ment, Sand,  Stone,  Water,  and  Waterproofing  Com- 
pounds.— What  physical  and  chemical  properties  of 
the  combination  of  ingredients — cement,  sand,  stone, 
water  and  waterprooling  materials— will  best  resist 
disintegration  by  acids,  alkalies,  steam,  frost,  etc.  ? 

2.  Proportions  of  Ingredients. — What  considerations  should 

govern  the  best  proportions  of  the  ingredients  to  pre- 
vent disintegration  by  acids,  alkalies,  steam,  frost, 
etc.  ?  How  can  these  proportions  be  varied  to  cor- 
respond with  the  physical  characteristics  of  stone  and 
sand  available  in  different  localities  ? 

3.  Porosity  or  Compactness. — What  relation  has  porosity  to 

disintegration  by  acids,  alkalies,  steam,  frost,  etc., 
and  what  are  its  allowable  limits  ? 

4.  Coatings. — What  kind  of  materials  is  best  qualified  for 

use  as  coatings  to  resist  disintegration  by  acids,  alka- 
lies, steam,  frost,  etc., and  how  should  they  be  applied  ? 

5.  Linings. — What  kind  of  artificial  linings  are  efficient 

and  practicable  to  resist  disintegration  by  acids, 
alkalies,  steam,  frost,  etc.,  and  how  should  they 
be  applied  ?  (Brick,  vitrified  clay,  asphalt,  and  other 
compositions.) 

(c)  Materials  Used  for  Joints. — What  consideration  should  be 
given  to  the  disintegration  of  jointing  materials  by  acids,  etc.  ? 
What  materials  otherwise  suitable  best  resist  disintegration  ? 

B.     Resistance  to  Abrasion. 
(a)  Clay  Pipe. 

1.  Physical  and  Chemical  Properties  of  Materials. — What 

physical  and  chemical  properties  of  clay  or  mixtures 
of  clays  will  produce  the  necessary  hardness  a.id 
toughness  in  the  burnt  product  to  best  resist  abrasion  ? 

2.  Porosity  or  Compactness. — What  relation  has  porosity 

to  resistance  to  abrasion,  and  what  are  its  allowable 
limits  ? 
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3.  Vitrification. — What  is  the  relation  between  vhrification 

and  resistance  to  abrasion? 

4.  G/azin^.— What  should  be  the  character  of  the  glazing 

to  resist  abrasion  ?     (Salt  and  other  glazings.) 

(6)  Cement-Concrete  Pipe. 

1.  Physical  and  Chemical  Properties  of  Ingredients:  Cement, 

Sand,  Stone,  Water,  and  Waterproofing  Com  pounds. — 
What  should  be  the  physical  and  chemical  properties 
of  the  combination  of  ingredients — cement,  sand, 
stone,  water,  and  waterproofing  materials —  in  order 
to  produce  the  necessarj'  hardness  and  toughness  to 
best  resist  abrasion  ? 

2.  Proportions  of  Ingredients. — What   are  the  best  pro- 

portions of  the  above  ingredients  ?  (See  Question  2 
under  Cement- Concrete  Pipe,  Disintegration  by  Acids, 
etc.,  page  159.) 

3.  Porosity  or  Compactness. — What  relation  has  porosity  to 

resistance  to  abrasion,  and  what  are  its  allowable 
limits? 

4.  Coalings. — Are  coatings  useful  in  resisting  abrasion,  and 

if  so,  what  is  their  nature  ? 

5.  Artificial  Linings. — What  kind  of  artificial  linings  are 

efficient  and  practicable  to  best  resist  abrasion? 
(Brick,  vitrified  clay,  asphalt,  and  other  com- 
positions.) 

6.  Age  before  Use. — How  old  should  pipe  be  before  fair 

tests  can  be  made  from  which  to  judge  the  permanent 

resistance  to  abrasion  ? 
(c)  Materials  Used  for  Joints. — What  consideration   should 
be   given   to  the   resistance  of    jointing  materials  to  abrasion? 
What  materials  otherwise  suitable  best  resist  abrasion  ? 

III.  CONDITIONS  AFFECTING  SERVICEABILITY. 

A.    Complete  and  Rapid  Delivery  of  Sewage. 

(/.)  Smoothness  of  Interior  Surface. 
What  arc  the  i)ractical  effects  of  and  reasons  for  demanding 

smoothness  of  the  inlcrlor  mirf.'icc  of  sewer  pij)es? 


Ox  Clay  and  Cement  Sewer  Pipes.  i6i 

(a)  Clay  Pipe. 

1.  Glazing. — What  conditions  aflfect  the  proper  glazing  of  a 
pipe  to  produce  the  desired  result  of  smoothness  in  the  finished 
product?  What  are  the  allowable  limits  of  imperfection  in  the 
glaze  affecting  smoothness? 

2.  Blisters,  Fire  Cracks,  etc. — To  what  extent  are  fire  cracks, 
blisters,  and  similar  imperfections  allowable,  consistent  with 
suitable  smoothness  of  interior  surface?  (Retarding  flow  and 
retaining  suspended  matter.) 

3.  Projecting  Joints. — To  what  extent  are  projecting  joints 
allowable,  consistent  with  suitable  smoothness  of  interior  surface  ? 

4.  Branches,  Spurs,  etc. — What  are  the  requirements  in  the 
attachment  of  branches,  spurs,  etc.,  to  secure  suitable  smoothness 
of  interior  surface  and  meet  the  requirements  of  manufacture? 
What  is  the  most  desirable  and  practicable  angle  of  connection  ? 

(b)  Cement-Concrete  Pipe. 

1.  Natural  Surface. — Under  what  conditions  of  service  is  a 
natural  surface  suflicient  and  suitable,  and  what  specification  should 
govern  as  to  its  character  to  secure  suitable  smoothness  of  interior 
surface  ? 

2.  Coatings. — Under  what  conditions  of  service  are  coatings 
necessary  or  desirable,  and  what  specifications  as  to  their  character 
and  application  should  govern  to  secure  suitable  smoothness  of 
interior  surface  ? 

3.  Linings. — Under  what  conditions  of  service  are  linings 
necessary  or  desirable,  and  what  materials  are  most  suitable  for  this 
purpose?  What  specification  as  to  character  and  application 
should  govern  to  secure  suitable  smoothness  of  interior  surface? 

4.  Branches,  Spurs,  etc. — What  are  the  requirements  in  the 
attachment  of  branches  and  spurs  to  secure  satisfactory  results 
as  to  smoothness  of  interior  surface  and  meet  the  requirements  of 
manufacture  ?  What  is  the  most  desirable  and  practicable  angle 
of  connection  ? 

(2.)  Sectional  Form. 

I.  Circular. — What  are  the  advantages  and  disadvantages  of 
the  circular  section  for  the  complete  and  rapid  delivery  of  sewage? 
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2.  Egg-Shape  and  other  Forms. — What  are  the  advantages  and 
disadvantages  of  egg-shape  and  other  forms  for  the  complete  and 
rapid  delivery  of  sewage  ? 

(j.)  Permissible  Deviations  from  True  Form. 

1.  Imperfect  Forms:  Inaccurate  Dimensions,  Irregular  SJiape, 
Eccentricity  of  Molds,  Roughness  of  Surface,  Improper  Matching 
of  Molds,  etc. — To  what  extent  are  imperfections  of  form 
allowable,  consistent  with  complete  and  rapid  delivery  of  sewage 
and  with  the  requirements  of  manufacture? 

2.  Warping. — To  what  extent  is  warping  allowable,  consistent 
with  complete  and  rapid  delivery  of  sewage  and  with  the  require- 
ments of  manufacture?  How  should  the  permissible  limits  be 
expressed?  To  what  extent  does  warping  limit  permissible  length 
of  pipe  of  various  diameters? 

3.  Shrinkage. — What  are  the  permissible  limits  of  shrinkage, 
and  what  physical  and  chemical  properties  should  a  clay  or  mix- 
lure  of  clays  have  to  satisfy  this  requirement  ? 

(^.)  Permissible  Defects  Relating  to  Percolation  and  Leakage. 

1.  Porosity. — How  does  porosity  affect  the  complete  and  rapid 
delivery  of  sewage?  To  what  extent,  under  \'arious  conditions, 
is  it  allowable? 

2.  Cracks. — What  kinds  of  cracks  are  found  in  sewer  pipe  ? 
What  types,  under  what  circumstances,  and  to  what  extent  are  they 
allowable  to  meet  the  requirements  of  serviceability  ? 

3.  Fractures. — To  what  extent  arc  fractures  allowable  and 
what  restrictions  should  be  imj)osed  as  to  the  use  of  fractured  pipe  ? 

4.  Joints  and  Jointing  Materials. — What  arc  the  merits  of  the 
various  types  of  joints  available  regarding  percolation  and  leakage, 
and  what  should  be  the  characteristics  of  suitable  joints?  What 
arc  the  merits  of  the  various  materials  available  for  filling  joints 
regarding  |)crcolation  and  leakage,  imd  how  should  they  be 
applied  to  secure  the  best  results?    (Tightness,  elasticity,  etc.) 

B.     Ease  and  Economy  of  Handling  and  Layino. 

1.  Toughness  of  Material. — To  what  extent  should  the  r.- 
quircmcnts  of  ease  and  economy  of  handling  and  laying  govern 
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the  required  toughness  of  the  pipe  ?     What  measure  of  toughness 
should  be  required,  and  how  should  it  be  expressed  ? 

2.  Weight. — To  what  extent  should  ease  and  economy  of 
handling  and  laying  govern  the  weight  of  pipe  ? 

3.  Length  of  Straight  Pipe  and  Specials. — What  is  the  best 
length  of  straight  pipe  and  specials  so  far  as  ease  and  economy  of 
handling  and  laying  are  concerned? 

4.  Form  of  Base. — How  do  the  forms  of  base  of  both  clay  and 
cement-concrete  pipe  affect  the  case  and  economy  of  handling  and 
laying?  What  forms  of  base  are  most  desirable,  and  what  are 
their  advantages?     (Integral  bases,  base  blocks,  etc.) 

5.  Ends  of  Pipes. — How  does  the  manner  in  which  the  ends 
of  pipes  are  formed  affect  the  ease  and  economy  of  handling  and 
laying  ?  What  are  the  advantages  and  disadvantages  of  the  various 
types,  such  as  (a)  hub  and  spigot,  (b)  butt  and  collar,  (c)  beveled, 
(d)  other  forms  ?  What  details  or  special  features  of  design  should 
each  of  the  above  joints  have,  such  as  width  and  depth  of  joint, 
centering  devices,  dimensions  of  collar,  angle  of  bevel,  and  treat- 
ment of  contact  surfaces,  such  as  scoring,  omission  of  glaze,  etc.  ? 

6.  Materials  Used  for  Jointing. — What  consideration  should 
be  given  to  ease  and  economy  of  laying  in  the  selection  of  jointing 
materials  ? 


SECOND   CLASS    OF    DATA:     PRACTICAL    EXAMINA- 
TIONS  AND   TESTS  TO   SECURE   MATERIALS 
AND  MANUFACTURE  OF  PIPE  ANSWER- 
ING THE  FOREGOING  DEMANDS. 

I.  EXAMINATIONS     LIMITED     TO     OBSERVATIONS     BY     THE 
SENSES,  CRUDE   MEASUREMENTS,  AND  CRUDE   FORCES 
(MOSTLY  MILL  AND  FIELD). 

A.    Clay  Pipe. 

I.  Identification. — (a)  What  markings  or  imprints  should  a 
pipe  bear  to  identify  its  manufacture  and  adaptability  to  its  pro- 
posed use?  (Manufacturer's  name,  location  of  mill,  Class  A,  B, 
C,  etc.,  indicating  thickness  of  shell.) 
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(b)  What  should  be  the  nature  of  these  markings  and  where 
should  they  be  placed  ? 

2.  Examination  of  Material. — (a)  What  obsen-ations  are 
practicable  in  the  field  or  at  the  mill  to  determine  whether  the  pipe 
material  is  uniform  in  character,  free  from  cinder  and  other  interior 
structural  defects? 

(6)  To  what  extent  and  up  to  what  proportion  should  pipes 
furnished  for  use  be  so  obser\ed ? 

3.  True  Sectional  Form  and  Dimensions. — (a)  What  measure- 
ments should  be  made  to  determine  the  true  sectional  form  and 
dimensions  of  pipe? 

(b)  What  are  the  allowable  limits  of  deviation  ? 

(c)  To  what  extent  and  up  to  what  proportion  should  pipes 
furnished  for  use  be  so  observed ? 

4.  Warping. — (a)  What  measurements  in  the  field  or  at  the 
mill  are  desirable  to  determine  the  extent  of  warp  in  a  pipe  ? 

(b)  What  are  the  allowable  limits? 

(c)  To  what  extent  and  up  to  what  projwrtion  should  pipes 
furnished  for  use  be  so  obsened? 

5.  Uniform  Thickness  of  Shell. — (a)  How  many  measure- 
ments arc  ordinarily  desirable  to  determine  the  shell  thickness 
and  its  uniformity  in  a  pipe? 

(b)  What  are  the  allowable  limits  of  deviation  ? 

(c)  To  what  extent  and  up  to  what  proportion  should  pipes 
furnished  for  use  be  so  obscrxcd ? 

6.  Vitrification. — (a)  What  observations  in  the  field  or  at  the 
mill  are  practicable  for  determining  the  degree  and  uniformity  of 
vitrification  in  a  pipe?  • 

(b)  What  arc  the  allowable  limits  and  how  should  they  be 
expressed? 

(c)  To  what  extent  and  up  to  what  proportion  should  pipes 
furnished  for  use  be  so  observed  ? 

7.  Fractures. — (a)  What  observations  in  the  field  or  at  the 
mill  arc  practicable  to  determine  the  nature  and  extent  of  fractures 
in  the  pipe? 

(b)  What  are  the  allowable  limits  of  fractures? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
obfcrved? 

8.  Cracks  Passing  through  Shell. — (a)  What  observations  in 
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the  field  or  at  the  mill  are  practicable  to  determine  the  existence 
of  cracks  passing  through  the  shell  ? 

(b)  Is  this  defect  permissible  ?     If  so,  under  what  conditions  ? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
observed  ? 

9.  Laminations. — (a)  What  observations  in  the  field  or  at  the 
mill  arc  practicable  to  determine  the  extent  of  laminations  in  pipes  ? 

(b)  What  are  the  allowable  limits,  and  how  should  they  be 
expressed  ? 

(c)  To  wh^t  extent  and  up  to  what  proportion  should 
pipes  furnished  for  use  be  so  observed  ? 

10.  Fire  Cracks. — (a)  What  observations  in  the  field  or  at  the 
mill  are  practicable  to  determine  the  extent  of  fire  cracks  in  the 
pipe? 

(b)  What  are  the  allowable  limits,  and  how  should  they  be 
expressed  ? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
observed  ? 

11.  Blisters  and  Protuberances. — (a)  How  should  the  extent 
and  character  of  blisters  and  protuberances  on  a  pipe  be  observed 
and  expressed? 

(b)  What  are  the  allowable  limits  for  each? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
observed  ? 

12.  Glazing. — (a)  How  should  the  extent  and  character  of 
glazing  on  a  pipe  be  observed  and  expressed? 

(b)  What  are  the  allowable  deficiencies? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
observed  ? 

13.  Toughness. — (a)  What  tests  in  the  field  or  at  the  mill  are 
practicable  to  determine  the  degree  of  toughness  and  hardness  of 
the  pipe  material?  (Resistance  to  impact.)  (Resistance  to 
abrasion.) 

(6)  How  should  the  required  toughness  be  expressed  ? 
(c)  To  what  extent  and  up  to  what  proportion  should  pipes 
furnished   for  use  be  so  tested? 

14.  Ends  of  Pipes. — (a)  How  should  the  ends  of  pipes  be 
observed  as  to  their  finish,  shape,  and  dimensions? 

(b)  What  defects  in  these  are  permissible? 


1 66  Report  of  Committee  C-4 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
obsened  ? 

15.  A  ngles  and  Secure  AUachmetU  of  Branch  Pieces. — (a)  What 
obsen'ations  in  the  field  or  at  the  mill  are  practicable  to  determine 
the  accuracy  of  angles  and  secure  attachment  of  branch  pieces  ? 

(6)  What  deviation  from  true  angles  is  permissible? 

(c)  What  defects,  if  any,  in  the  attachment  of  spurs  or  branch 
pieces  are  permissible  ? 

(d)  To  what  extent  should  branches  furnished  for  use  be 
so  observed? 

B.     Cement-Concrete  Pipe. 

1.  Identification  and  Age. — (a)  What  markings  or  imprints 
should  a  pipe  bear  to  identify  its  manufacture  and  adaptability 
to  its  proposed  use?  (Manufacturer's  name,  location  of  mill, 
Class,  A,  B,  C,  etc.,  indicating  thickness  of  shell.) 

(6)  What  should  be  the  nature  of  these  markings  and  where 
should  they  be  placed? 

2.  Examination  of  Materials. — (a)  What  observations  are 
practicable  in  the  field  or  at  the  mill  to  determine  whether  the  pipe 
material  is  uniform  in  character,  free  from  deleterious  ingredients 
and  other  interior  structural  defects? 

(fr)  To  what  extent  and  up  to  what  proportion  should  pipes 
furnished  for  use  be  so  observed ? 

3.  Trtie  Sectional  Form  and  Dimensions. — (0)  What  measure- 
ments should  be  made  to  determine  the  true  sectional  form  and 
dimensions  of  pipe? 

{b)  What  are  the  allowable  limits  of  deviation  ? 
(c)  To  what  extent  and  up  to  what  pro{x)rtion  should  pipes 
fumishctl  for  use  be  so  obscn-ed  ? 

4.  Uniform  Thickness  of  Shell.-  (</)  How  many  measurements 
are  ordinarily  desirable  to  determine  the  shell  thickness  and  its 
uniformity  in  a  pi|x:? 

{b)  What  arc  the  allowable  limits  of  deviation? 
(c)  To  what  extent  and  up  to  what  proportion  should  pipes 
furnished  for  use  be  so  obscrvc<l  ? 

5.  Smoothness  of  Interior  Surface. — (0)  What  observations 
are  practicable  in  the  field  or  at  the  mill  to  determine  the  degree  of 
smoothneHs  of  the  interior  surface  of  a  cement  concrete  pipe  ? 
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(b)  What  degree  of  roughness  is  allowable  ? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
observed  ? 

6.  Security  and  Uniformity  of  Artificial  Linings  and  Coal- 
ings.— (a)  What  observations  are  practicable  in  the  field  or  at  the 
mill  to  determine  the  dei^ree  of  security  and  degree  of  uniform- 
ity of  artificial  linings  or  coating:;? 

(b)  What  defects  in  these  are  permissible? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
observed  ? 

7.  Fractures. — (a)  What  observations  in  the  field  or  at  the 
mill  are  practicable  to  determine  the  nature  and  extent  of  fractures 
in  the  pipe? 

(b)  What  are  the  allowable  limits  of  fractures  ? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
observed  ? 

8.  Cracks  Passing  through  Shell. — (a)  What  observations  in 
the  field  or  at  the  mill  are  practicable  to  determine  the  existence 
of  cracks  passing  through  the  ':hell  ? 

(b)  Is  this  defect  permissible?     If  so,  under  what  conditions? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
observed  ? 

9.  Hair  Cracks. — (a)  What  observations  in  the  field  or  at  the 
mill  are  practicable  to  determine  the  extent  of  hair  cracks  in  the 
pipe  ? 

(b)  What  are  the  allowable  limits,  and  how  should  they  be 
expressed  ? 

(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
observed  ? 

10.  Toughness. — (a)  What  tests  in  the  field  or  at  the  mill  are 
practicable  to  determine  the  degree  of  toughness  and  hardness 
of  tlie  pipe  material?  (Resistance  to  impact.)  (Resistance  to 
abrasion.) 

(b)  How  should  the  required  toughness  be  expressed  ? 

(c)  To  what  extent  and  up  to  what  proportion  should  pipes 
furnished  for  use  be  so  tested? 

11.  Ends  of  Pipes. — (a)  How  should  the  ends  of  pipes  be 
obsen^ed  as  to  their  finish,  shape,  and  dimensions? 

(b)  What  defects  in  these  are  permissible  ? 
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(c)  To  what  extent  should  pipes  furnished  for  use  be  so 
obsen'ed  ? 

12.  A  ngles  a  fid  Secure  A  Uachment  of  Bratich  Pieces. — (a)  What 
obsen'ations  in  the  field  or  at  the  mill  are  practicable  to  determine 
the  accuracy  of  angles  and  secure  attachment  of  branch  pieces? 

(6)  What  deviation  from  true  angles  is  permissible  ? 

(c)  What  defects,  if  any,  in  the  attachment  of  spurs  or  branch 
pieces  are  permissible? 

(d)  To  what  extent  should  branches  furnished  for  use  be 
30  obser\'ed? 

II.  TESTS    DETERMINING    PROPERTIES    BY    METHODS    AND 

APPARATUS  TO   MEASURE   THE   EFFECTS   OF   PHYSICAL 

AND  CHEMICAL  FORCES  (MOSTLY  LABORATORY). 

A.  Special  I^hysical  and  Chemical  Tests  of  Materials. 

To  what  extent  and  under  what  circumstances  should  any 
or  all  of  these  tests  be  applied  ? 

1.  Clay. — (a)  What  physical  tests  are  advisable  and  prac- 
ticable to  determine  whether  a  clay  or  a  mixture  of  clays  will  satisfy 
the  requirements  of  strength,  durability  and  serviceability  in  the 
finished  product? 

(b)  What  chemical  tests  are  advisable  and  j)racticable  to  deter- 
mine whether  a  clay  or  a  mixture  of  clays  will  satisfy  the  require- 
ments of  strength,  durability  and  serviceability  in  the  finished 
product  ? 

2.  Cement. — (a)  What  physical  tests  are  advisable  and 
practicable  to  determine  whether  a  cement  will  satisfy  the  require- 
ments of  strength,  durability  and  serviceability  in  the  finished 
product  ? 

(6)  What  chemical  tests  are  advisable  and  practicable  to 
determine  whether  a  cement  will  satisfy  the  requirements  of 
strength,  durability  and  serviceability  in  the  finished  pnxiuct  ? 

{c)  Arc  the  tests  heretofore  adopted  by  the  American  Society 
of  Civil  F.I    ■  ind  the  American  Society  for  Testing  Materials 

sufficient  1  i>urix)sc? 

^.  Sand. — (a)  What  physical  tests  are  advisable  and  prac- 
ticable to  determine  the  suitability  of  sands  to  satisfy  the  require- 
ments of  strength,  durability  and  serviceabiliiy  in  the  finished 
product? 
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(b)  What  chemical  tests  are  advisable  and  practicable  to 
determine  the  suitability  of  sands  to  satisfy  the  requirements  of 
strength,  durability  and  serviceability  in  the  finished  product  ? 

(c)  What  chemical  tests  are  advisable  and  practicable  to 
determine  the  suitability  of  sands  to  satisfy  the  requirements  of 
strength,  durability  and  serviceability  in  the  finished  products? 

4.  Stone. — (a)  What  physical  tests  are  advisable  and  prac- 
ticable to  determine  the  suitability  of  stone  to  satisfy  the  require- 
ments of  strength,  durability  and  serviceability  in  the  finished 
product  ? 

(6)  What  chemical  tests  are  advisable  and  practicable  to 
determine  the  suitability  of  stone  to  satisfy  the  requirements  of 
strength,  durability  and  serviceability  in  the  finished  product  ? 

5.  Water. — What  physical  and  chemical  tests  are  advis- 
able and  practicable  to  determine  the  suitability  of  water  to  satisfy 
the  requirements  of  strength,  durability  and  senaceability  in  the 
finished  product? 

6.  Waterproofing  Compoutids. — What  physical  and  chemical 
tests  are  advisable  and  practicable  to  determine  the  suitability  of 
waterproofing  compounds  to  satisfy  the  requirements  of  strength, 
durability  and  serviceability  in  the  finished  product  ? 

B.     Special  Tests  for  Clay  Pipe. 

To  what  extent  and  under  what  circumstances  should  any 
or  all  of  these  tests  be  applied  ? 

1.  Vitrification. — What  tests  are  advisable  and  practicable  to 
determine  the  extent  and  character  of  vitrification  of  a  clay  pipe 
required  to  satisfy  the  demands  of  strength,  durability  and  ser- 
viceability ? 

2.  Toughness. — (a)  What  tests  are  advisable  and  practicable 
to  determine  the  degree  and  character  of  toughness  of  a  clay  pipe 
required  to  satisfy  the  demands  of  strength  and  durability  (as 
opposed  to  brittleness,  softness,  etc.). 

(b)  What  scale  or  standard  of  toughness  will  best  satisfy  the 
demands  of  strength  and  serviceability? 

3.  Resistance  to  Abrasion. — (a)  What  tests  are  advisable  and 
practicable  to  determine  the  resistance  of  a  clay  pipe  to  abrasion  ? 

(b)  W^hat  scales  or  standards  of  resistance  will  best  satisfy  the 
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various  demands  of  durability?     (Presence  or  absence  of  grit, 
high  and  low  velocities,  etc.) 

4.  Resistance  to  Rupture. 

(a)  External  Forces. — i.  What  tests  are  most  practicable  to 
determine  the  resistance  of  a  clay  pipe  to  rupture  by 
the  external  forces  produced  imder  various  conditions 
of  use? 
2.  What  scales  or  standards  of  resistance  will  best  satisfy 
the  various  demands  of  strength  and  serviceability  ? 

(6)  Internal  Forces. — i.  What  tests  are  most  practicable  to 
determine  the  resistance  of  a  clay  pipe  to  rupture  by 
the  internal  forces  produced  under  varying  conditions 
of  use?  (Inverted  siphons,  etc.). 
2.  What  scales  or  standards  of  resistance  will  best  satisf}' 
the  various  demands  of  strength  under  different  pres- 
sures? 

5.  Resistance  to  Disintegration. 

(a)  By  Acids. — What  tests  are  advisable  and  practicable  to 

determine  the  resistance  of  a  clay  i)ipe  to  disintegration 

by  acids  occurring  in  sewage? 
(6)  By  Alkalies. — What    tests  are  advisable  and  practicable 

to  determine  the  resistance  of  a  clay  i)ii)C  to  disintegration 

by  alkalies  occurring  in  sewage  ? 
ic)  By  Steam. — What  tests  are  advisable  and  practicable  to 

determine  the  resistance  of  a  clay  pipe  to  disintegration 

by  steam  where  discharged  into  sewers? 
{d)  By  Frost. — W^hat  tests  arc  advisable  and  practicable  to 

determine  the  resistance  of  a  day  pipe  to  disintegration 

by  frost? 

6.  dazing, — What  tests  are  advisable  and  practicable  to 
determine  the  extent  and  character  of  glaze  on  a  clay  pipe  recpjired 
to  satisfy  the  various  demands  of  durability  and  serviceability  ? 

C.    Special  Tests  for  Cement-Concrete  Pipe. 

To  what  extent  and  under  what  circumstances  should  any  or 
all  of  these  tesis  be  applied  ? 
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L.  Age  before  Testing. — What  age  should  a  cement-concrete 
Dipe  ha\e  attained  before  conclusive  results  can  be  obtained  from 
the  following  tests  made  thereon? 

2.  Compactness. — What  tests  are  advisable  and  practicable 
to  determine  whether  a  cement -concrete  pipe  is  sufficiently  compact 
to  satisfy  the  demands  of  strength,  durability  and  serviceability? 

3.  Toughness. — (a)  What  tests  are  advisable  and  practicable 
to  determine  the  degree  and  character  of  toughness  of  a  cement- 
concrete  pipe,  as  opposed  to  brittleness  and  softness  ? 

{h)  What  scale  or  standard  of  toughness  will  best  satisfy  the 
demands  of  strength  and  serviceability? 

4.  Resistance  to  Abrasion. — (a)  What  tests  are  desirable  and 
practicable  to  determine  the  resistance  of  a  cement-concrete  pipe  to 
abrasion  ? 

(b)  What  scales  or  standards  of  resistance  will  best  satisfy 
the  various  demands  of  durability  ?  (High  and  low  velocities,  pre- 
sence and  absence  of  grit,  etc.) 

5.  Resistance  to  Rupture. 

{a)  External  Forces. — i.  What  tests  are  advisable  and  prac- 
ticable to  determine  the  resistance  of  a  cement-concrete 
pipe    to   rupture  by   external   forces  produced   under 
various  conditions  of  use? 
2.  What  scales  or  standards  of  resistance  will  best  satisfy 
the  various  demands  of  strength  and  serviceability? 
(6)  Internal  Forces. — i.  What  tests  are  advisable  and  prac- 
ticable to  determine  the  resistance  of  a  cement- concrete 
pipe  to  rupture  by  the  internal  forces  produced  under 
varying  conditions  of  use?     (Inverted  siphons,  etc.) 
2.  What  scales  or  standards  of  resistance  will  best  satisfy 
the   various    demands    of    strength   under    dififerent 
pressures  ? 

6.  Resistance  to  Disintegration. 

(a)  By  Acids. — What  tests  are  advisable  and  practicable  to 

determine  the  resistance  of  a  cement- concrete  pipe  to 
disintegration  by  acids  occurring  in  sewage  ? 

(b)  By  Alkalies. — What  tests  are  advisable  and  practicable 

to  determine  the  resistance  of  a  cement  concrete  pipe  to 
disintegration  by  alkalies  occurring  in  sewage  ? 
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(c)  By  Steam. — What  tests  are  advisable  and  praclicable  to 

determine  the  resistance  of  a  cement-concrete  jnpe  to 
disintegration  by  steam  when  discharged  into  sewers  ? 

(d)  By  Frost. — What  tests  are  advisable  and  practicable  to 

determine  the  resistance  of  a  cement-concrete  pipe  to 
disintegration  by  frost  ? 

7.  Artificial  Linings  and  Coatings. — (a)  What  tests  are  advis- 
able and  practicable  to  determine  the  suitability  of  linings  in  cement- 
concrete  pipes  to  satisfy  the  demands  of  durability  and  service- 
ability ? 

(6)  What  tests  are  advisable  and  practicable  to  determine  the 
suitabilit}'  of  coatings  in  cement-concrete  pipes  to  satisfy  the 
demands  of  durability  and  sersiceability ? 

D.    General  Tests  for  Clay  and  Cement- Concrete  Pipes. 

To  what  extent  and  under  what  circumstances  should  any 
or  all  of  the  following  tests  be  applied  ? 

1.  Porosity  and  Specific  Gravity. — What  tests,  if  any,  are 
adnsable  and  practicable  to  determine  the  character  and  degree 
of  porosity  on  both  clay  and  cement  concrete  pipes? 

2.  Resistance  to  Abrasion. — What  tests,  if  any,  can  be  uni- 
formly applied  to  both  clay  and  cement-concrete  pipes  to  determine 
their  resistance  to  abrasion  ? 

3.  Toughness. — What  tests,  if  any,  can  be  uniformly  applied 
to  both  clay  and  cement-concrete  pipes  to  determine  the  degree  and 
character  of  toughness  which  will  best  satisfy  the  demands  of 
strength  and  ser\iceability ? 

4.  Resistance  to  Crushing. — What  tests,  if  any,  can  be  uni- 
formly applied  to  both  clay  and  cement-concrete  pipes  to  determine 
their  resistance  to  crushing  in  compliance  with  the  various  demands 
for  strength  ? 

5.  Resistance  to  Bursting. — What  tests,  if  any,  can  be  uni- 
formly applied  to  both  clay  and  cement-concrete  pipes  to  deter- 
mine their  resistance  to  bursting  in  compliance  with  the  demands 
for  strength? 

6.  Resislatue  of  Branches,  Spurs,  etc.,  to  Rupture. — What 
tests,  if  any,  can  be  uniformly  applied  to  branches,  spurs,  etc.,  on 
clay  and  ccmenlconrrete  pipes  to  (Ictermine  their  resistance  to 
rupture  in  compliance  with  the  demands  for  strength  ? 


REPORT  OF  COMMITTEE  D-i  ON 

PRESERVATIVE  COATINGS  FOR  STRUCTURAL 

MATERIALS. 

In  accordance  with  the  policy  stated  in  last  year's  report,  the 
work  that  has  been  accomplished  since  that  time  will  be  presented 
In  detail  by  the  chairmen  of  the  various  sub-committees. 

The  report  of  Sub- Committee  B,  appointed  to  inspect  the 
])aint  test  on  the  Pennsylvania  Railroad  bridge  over  the  Susque- 
hanna River  at  HavTe  de  Grace,  contains  an  averaged  statement 
of  the  condition  of  the  paint  on  the  panels  and  bridge.  It  was  the 
intention  to  include  photographs  of  these  panels  to  show  the  con- 
dition of  the  metal  under  the  paint  after  six  years'  exposure,  but 
the  photographs  made  do  not  show  this  point  clearly.  If  possible 
another  series  of  photographs  will  be  made,  as  it  is  desired  that  a 
permanent  record  of  the  condition  of  these  panels  shall  be  obtained. 

It  was  not  possible  for  Sub-Committee  D,  appointed  to 
cooperate  with  a  sub-committee  of  Committee  A- 5,  to  inspect  the 
steel  f)lates  at  Atlantic  City  in  time  to  present  their  report  at  this 
meeting,  but  the  inspection  has  been  made  and  the  result  will 
appear  in  the  Proceedings  for  this  year.* 

Sub-Committee  E  on  Linseed  Oil  has  continued  the  in- 
vestigation reported  in  the  Proceedings  of  the  Society  in  1909.  The 
analyses  of  four  samples  of  oil  obtained  at  that  time  and  held  sealed 
in  air-tight  containers  have  been  repeated,  and  twelve  additional 
samples  representing  the  products  crushed  from  last  year's  crop 
have  also  been  examined.  The  re- tests  of  the  original  samples 
indicate  that  no  appreciable  change  has  occurred  after  nearly  two 
years'  storage.  The  analyses  were  made  in  seven  different  labora- 
tories and  all  results  carefully  checked,  so  it  is  believed  that  the 
average  of  these  results  taken  with  the  results  previously  reported 
can  be  considered  as  furnishing  correct  constants  for  raw  linseed 
oil  made  from  domestic  seed.  The  report  includes  a  carefully 
conducted  investigation  by  the  Bureau  of  Standards  on  these  oils 
to  determine  the  coefficient  of  expansion  of  linseed  oil  between 


*Seepp.  102-194. — Ed. 
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the  temperatures  of  4°  and  40°  C.  This  determination  will  be 
of  much  value  in  correcting  the  specific  gravity  of  linseed  oils  for 
variation  in  temperature. 

Sub- Committee  F,  appointed  to  frame  definitions  of  terms 
used  in  paint  specifications,  has  defined  certain  of  the  terms  used 
and  presents  them  in  a  tentative  form  subject  to  further  revision 
and  modification. 

Sub-Committee  J  on  the  Testing  of  White  Paints  has  developed 
the  details  of  a  comprehensive  exposure  test  of  white  pigments. 
Some  120  pigment  formulas  have  been  designed  from  13  single 
pigments  in  primar}-,  binar\',  ternary,  and  quaternar}'  combina- 
tions with  a  standard  oil  and  drier,  so  as  to  show,  if  possible,  the 
effect  of  the  progressive  increase  in  these  pigments.  The  plan 
includes  the  details  of  a  method  to  determine  and  obtain  a  uniform 
consistency  of  the  paints  and  a  design  for  the  panels  and  fence  for 
exposing  them. 

The  pigments  and  oil  for  this  test  have  been  donated  by  paint 
manufacturers.  The  grinding  and  mixing  of  the  paints  and  the 
preparation  of  the  drier  has  been  undertaken  by  Professor  Allen 
Rogers  of  Pratt  Institute  of  Brooklyn.  The  Pennsylvania  Rail- 
road Company  will  prepare  the  panels,  and  the  Baltimore  and 
Ohio  Railroad  Company  will  apply  the  paints.  It  is  expected 
that  the  Departments  of  Agriculture  and  of  Commerce  and  Labor 
will  provide  for  the  exposure  of  these  panels  at  the  exj)crimental 
farm  near  Arlington,  Va.  It  is  believed  that  the  details  of  the  test 
have  been  so  determined  and  specified  that  the  final  result  will 
add  materially  to  the  general  knowledge  on  this  problem. 

Sub-Commiltec  C  on  Paint  Vehicles*  has  made  a  promising 
start  in  this  investigation.  The  program  as  planned  includes 
laborator)'  tests  on  the  time  of  drying  and  the  physical  character 
of  films  of  various  dr\ing,  scmi-drjing,  and  non-drying  oils  to  which 
fixed  and  var)ing  amounts  of  a  standard  and  dilTorcnt  tyj)cs  of 
driers  have  been  added.  These  tests  are  to  be  ajjplicd  to  the  oils 
and  driers  with  and  without  pigments.  In  addition  to  these  labora- 
tory tests,  exposure  tests  are  to  be  made  under  service  conditions, 
using  a  standard  pigment  but  var)'ing  the  vehicle  as  outlined  above. 


*TIm  Sub-CommittM  on  Paint  VchiclM  wm  appolnUd  durins  th«  p«Kt  ycur,  and 
«M  ciwn  th*  dMlgnatioa  "  C  ",  ft/tcr  tha  diacharge  o(  former  Sub>Committe«  C  on 
iMpMtlon  o(  the  WoodMi  P»iM>t«  at  AtUntir  City  on  completion  of  itn  work  In  igio. 
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The  Committee  has  had  this  investigation  in  mind  ever  since 
its  organization,  as  it  is  believed  that  the  \ehicle  is  fully  as  impor- 
tant as  the  pigment  in  this  type  of  protective  coatings,  but  it  was 
necessary  to  test  out  one  set  of  variables  at  a  time.  The  investiga- 
tion on  pigments  seems  to  have  progressed  far  enough,  however,  to 
warrant  at  least  a  start  on  this  coordinate  branch  of  the  subject. 

The  investigations  of  the  other  sub-committees  have  been 
continued  during  the  past  year. 

Respectfully  submitted  on  behalf  of  the  Committee, 

S.    S.    VOORHEES, 

Chairman. 
G.  W.  Thompson, 

Secretary. 


REPORT   OF   SUB-COMMITTEE    B   ON 
INSPECTION    OF    THE    HAVRE    DE    GRACE    BRIDGE. 

The  191 1  spring  inspection  of  the  Ha\Te  de  Grace  Bridge  was 
called  for  April  21  and  22,  under  the  following  program:  The 
first  day  to  be  devoted  to  an  examination  of  the  plate  panels,  when 
it  was  to  be  determined  which  of  these  were  to  be  removed  for 
photographing  before  and  after  the  removal  of  the  coatings; 
the  second  day  to  be  devoted  to  a  thorough  inspection  of  the  bridge 
proper.  Rain  prevented  the  carrying  out  of  the  second  day's 
program  as  originally  planned.  The  schedules  of  plate  examina- 
tions are  as  follows: 

A Chalking. 

B Checking,  cracking,  alUgatoring,  etc. 

C General  surface  conditions. 

with  the  following  marking  for  each: 

Excellent 10  to  8 

Good 8  to  0 

Fair .  6  to  4 

Poor 4  to  2 

Failure  . .  3  to  o 

The  results  of  the  panel  inspection  of  April  21  are  given  in  the 
accompanying  Table  of  Individual  Ratings,  which  contains  the 
averages  of  all  nine  panels,  covering  three  rates  of  application. 

It  is  of  record  that  the  examinations  oftentimes  showed 
marked  variation  in  the  condition  of  the  protective  coverings  under 
the  different  rates  of  application,  and  it  may  be  assumed  that  thi.^^ 
clearly  proves  that  each  paint  has  what  may  be  styled  its  "natural 
covering  rite,"  and  that  the  panel  rate  approximating  thereto 
generally  showed  the  best.  This  rate  in  the  majority  of  cases  wns 
000  sq.  ft.  per  gallon. 

Review. 

Under  A  (chalking),  the  average  rating  of  14  paints  was  8.7, 
fairly  excellent;  of  4  paints  7.4.  fairly  good;  of  i  paint  4.5,  only 
fair. 

(«7f») 
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Excellent 

Fairly  excellent 
Fairly  excellent 

Excellent 

Good 

Fairly  excellent 

Excellent 

Very  good 

Very  good 

Excellent 

Good 


8.4 

10.0 
6.6 
8.6 
8.2 
5.3 
7.9 

10.0 
7.6 
7.8 
9.8 
8.8 
9.« 

10.0 
8.7 
«.0 

10.0 
0.0 
8.8 

10.0 
8.7 
0.3 

10.0 
9.0 
9.2 

10.0 
8.6 
8.4 
8.0 
9  2 
8.2 
8.4 
8.8 
9.2 

10.0 
9.4 
S.O 

10.0 
8.1 
8.8 
9.8 
8.6 
3.6 
3.5 
3.0 
0.0 

10.0 
9.2 
9.3 
8.8 
7.9 
0.4 
9.9 
9.2 
9.2 
9.3 
8.8 


' 1 

*The  comjjositions  of  these  paints  are  given  in  the    Proceedings,  Vol.  VIII,  1908 
173-178. 
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Under  B  (checking,  etc.),  the  average  rating  of  i6  paints  was 
9.7,  nearly  excellent;  of  2  paints  6.6,  more  than  fair;  of  i  paint  2.2, 
failed. 

Under  C  (general  conditions),  the  average  rating  of  9  paints 
was  8.6,  very  good;  of  8  paints  7.5,  nearly  good;  of  i  paint  5.7, 
very  fair;  of  i  paint  2.3,  failed. 

For  comparison  the  average  results  under  the  same  scale  of 
rating  for  the  1910  report  are  listed.  Only  two  of  the  individual 
inspectors  this  year  are  the  same  as  last  year,  so  that  additional 
interest  is  given  to  this  comparison  of  averages.  The  results 
generally  show  intelligent  differentiation,  with  some  deterioration 
in  the  majority  of  cases.  It  is  to  be  noted  that  one  individual 
report,  that  of  Mr.  Chapman,  a  member  of  Committee  D-i, 
though  not  of  the  actual  official  sub-committee  of  inspection,  shows 
wider  variation  in  marking,  due  very  probably  to  the  fact  that  this 
was  his  first  official  examination  and  naturally  he  was  not  as  con- 
versant with  the  scale  used  as  the  other  members  of  the  party. 

It  was  determined  to  remove  the  average  "general  condition" 
plate  of  the  three  panels  at  the  900  sq.  ft.  per  gallon  rate,  for  each 
pamt,  for  photograj)hic  examination.  This  was  done  under  the 
supervision  of  the  Chairman  of  the  Inspection  Committee  on  May 
2,  at  which  time  a  thorough  inspection  of  the  bridge  proper  was 
made  by  Mr.  W.  A.  Aiken,  assisted  by  Mr.  Anderson  Polk.  The 
panels  were  carefully  packed  and  have  been  shipped  to  New  York. 

The  inspection  of  the  bridge  proper,  referred  to  above, 
resulted  in  the  following  general  conclusions  in  practical  agree- 
ment with  that  reported  last  year  as  the  average  of  several 
individual  conclusions,  though  from  a  much  less  detailcil  inspection 
of  the  bridge  projxir  at  that  time.  It  is  undoubtedly  a  fact  that 
generally  the  bridge  structure  is  to-day  in  as  good,  and  in  the 
majority  of  cases  better  condition  than  similar  panels.  While  there 
may  be  shades  of  difference  in  the  |)rotcction  afforded,  it  would  be 
(HTicult  to  draw  these  shaq)ly  at  this  time  except  in  the  cases 
mentioned  below. 

Paint  I,  while  meeting  very  fully  the  tests  for  chalking, 
cracking,  etc.,  is  of  markedly  poor  character,  in  some  respects 
more  pronounced  than  any.  What  protection  is  being  afforded — 
and  this  is  l)cttcr  than  on  the  panels,  which  average  only  good — 
b  being  furnished  by  the  undercoat. 
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Paint  2  is  furnishing  much  better  protection  on  the  structure 
than  on  the  panels,  contrary  to  the  previous  indications  of  early 
disintegration  as  originally  reported  in  1908.  This  is  undoubtedly 
due  to  the  fact  that  the  superintendent  of  tests,  in  his  original  report 
at  the  time  of  undertaking  these  investigations,  marked  the  natural 
spreading  rate  of  this  paint  to  be  600  sq.  ft.  per  gallon,  and  it  is 
this  rate  which  shows  best  in  the  panels,  although  it  is  not  as  good 
as  on  the  bridge  proper. 

Paint  4  is  exceptional  in  not  furnishing  as  good  protection  to 
the  bridge  proper  as  to  the  panels. 

Paint  10  shows  better  protection  on  the  bridge  proper  than  on 
the  panels,  even  though  these  latter  are  rated  very  good.  The 
paint,  however,  shows  a  marked  tendency  to  decay  and  is  likely 
to  fail  in  the  near  future. 

Paint  14,  on  the  bridge  proper,  while  showing  minute  cracking 
of  the  outer  coat,  as  noted  three  years  ago,  disclosing  the  under- 
coat of  red  lead  prominently  throughout  the  structure,  indicates 
failure  to  be  superficial,  more  apparent  than  real,  and  to-day 
affords  good  protection,  better  in  fact  than  in  many  of  the  paints 
which  lack  any  evidence  of  cracking,  checking  or  alligatoring. 

Paint  15,  on  the  bridge  proper,  except  in  numerous  well- 
defined  areas  showing  very  badly  throughout,  is  in  better  general 
condition  than  on  the  panels,  which  are  all  in  very  poor  condition 
and  are  marked  as  having  failed.  The  panels  as  a  whole  are  typi- 
cal in  their  condition  of  the  well-defined  areas  referred  to  above, 
scattered  throughout  the  structure  proper. 

With  the  above  special  exceptions,  all  paints  are  affording 
excellent  protection  on  the  bridge  proper.  It  was  noted  that 
generally  on  the  horizontal  struts  and  laterals  and  their  connections, 
affording  the  easier  accumulation  of  moisture,  most  of  the  paints 
show  more  or  less  deterioration.  This  only  emphasizes  the  neces- 
sity for  special  care  in  painting  structures.  The  light  latticing 
of  the  main  riveted  members  shows  this  tendency  more  or  less  in  the 
majority  of  cases,  most  markedly  on  the  up-stream  side  of  the 
structure. 

The  photographing  of  the  typical  plates  was  begun  in  Brook- 
lyn, N.  Y.,  on  May  25,  in  the  presence  of  the  Chairman  and  Mr. 
A.  H.  Sabin.  The  removal  of  the  coatings  was  subsequently 
accomplished.     In  all  cases  the  condition  of  the  plate  material 
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was  found  to  fully  corroborate  the  ratings  given  the  several  paints, 
as  generally  at  this  date  affording  excellent  protection. 

Respectfully  submitted  on  behalf  of  the  Sub-Committee, 

W.  A.  Aiken, 
Chairman,  Sub-Committee  B. 


REPORT   OF    SUB-COMMITTEE   C   ON  PAINT  VEHICLES. 

At  the  January  meeting  of  Committee  D-i  a  sub-committee 
consisting  of  the  following  members  was  appointed  to  investigate 
paint  vehicles: 

G.  B.  Meckel, 

Glenn  H.  Pickard, 

Allen  Rogers, 

A.  H.  Sabin, 

H.  A.  Gardner,  Chairman. 

At  a  subsequent  meeting  of  the  sub-committee  it  was  deter- 
mined to  start  the  investigations  with  a  series  of  tests  on  certain 
drying,  semi-dr}'ing,  and  non-drying  oils,  determining  their  drying 
values  and  rate  of  oxygen  absorption,  etc.,  when  spread  out  in  thin 
films.  A  quantity  of  the  following  oils  was  selected  for  the  tests 
and  subsequently  secured  from  sources  known  to  be  reliable : 

Lead  and  manganese  linoleate  drier.* 

Boiled  linseed  oil  (resinate  type). 

Boiled  linseed  oil  (linoleate  type). 

Lithographic  linseed  oil. 

Blown  linseed  oil  (containing  drier  while  being  blown). 

Heavy  mineral  oil. 

Soya  bean  oil. 

Rosin  oil. 

Cottonseed  oil. 

Corn  oil. 

Sunflower  oil. 

Menhaden  oil. 

Chinese  wood  oil,  raw. 

Chinese  wood  oil,  treated. 

Perilla  oil.f 

Lumbang  oil.f 

Dry  rosin  20  per  cent.,  boiled  in  80  per  cent,  linseed  oil. 

*  The  drier  used,  upon  analysis,  showed  the  presence  of  4.36  per  cent.  PbO  and  2. si 
per  cent.  MnOj. 

t  The  lumbang  and  perilla  oils  were  imported  and  arrived  subsequent  to  the  starting 
of  the  tests.     They  were  therefore  not  included  in  the  tests. 

(181) 
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Four-ounce  sample  bottles  of  each  oil  were  sent  to  the  Com- 
mittee members,  with  the  request  to  proceed  with  the  tests  along 
the  lines  agreed  upon  at  the  Committee  meeting.  The  instructions 
for  making  these  tests  are  outlined  as  follows : 

(a)  A  series  of  small  glass  plates,  approximately  5  by  7  ins.,  are  to 
be  prepared  by  each  member  of  the  Committee.  These  plates  are  to  be 
thoroughly  cleaned,  carefully  numbered,  and  weighed  upon  a  chemical 
balance.  The  oils  to  be  used  for  the  tests  are  to  be  numbered  correspond- 
ing to  the  plates.  A  test  of  each  oil  is  to  be  made  by  painting  it  upon 
the  surface  of  a  glass  plate  with  a  camel's  hair  brush,  subsequently 
weighing  the  plate  and  the  oil.  These  tests  are  to  be  exposed  under 
constant  conditions  of  temperature,  if  possible,  for  three  weeks'  time, 
making  weighings  of  each  plate  every  day  for  six  days  and  then  every 
other  day  for  twelve  days. 

(6)  Another  series  of  tests  shall  be  made,  in  which  80  per  cent,  of 
raw  linseed  oil  is  to  be  combined  with  each  of  the  above-named  oils. 
Previous  to  making  any  of  the  tests,  there  should  be  added  to  each  oil  or  to 
each  combination,  5  per  cent,  of  a  drier  containing  lead  and  manganese. 
The  drier  to  be  used  is  of  the  standard  grade  submitted  together  with 
the  oil  samples.  The  results  of  the  tests  showing  the  increase  by  oxygen 
absorption,  etc.,  are  to  be  charted  and  submitted  at  the  end  of  the  tests, 
so  that  they  may  be  compared  with  the  results  obtained  by  each 
member  of  the  Committee. 

(c)  If  possible,  the  oils  and  mixtures  of  oils  used  in*  the  above  tests 
are  to  be  ground  with  pure  silica  and  painted  out  upon  sized  paper, 
three-coat  work,  the  films  to  be  stripped  and  tested  for  strength  upon 
a  paint  filmometer,  at  two  periods  two  months  apart. 

The  drying  of  oils  to  a  firm  surface  when  spread  in  a  thin  layer 
is  accompanied  by  an  increase  in  weight,  due  to  oxidation,  etc. 
The  percentage  of  oxygen  absorbed  often  affords  a  criterion 
of  the  drying  of  the  oil  under  examination,  and  this  factor, 
together  with  data  regarding  the  appearance  of  the  oil  film,  should 
be  taken  into  consideration  when  judging  the  value  of  an  oil  or  oil 
mixture.  Conditions  of  light,  air,  tcmj)erature,  etc.,  often  cause 
great  variations  in  the  dr}ing  of  oils  and  the  percentage  of  oxygen 
absorbed,  etc.,  as  shown  by  the  results  obtained  in  the  following 
tests.  .Although  it  was  imixjssibU*  in  these  tests  to  have  the  con- 
ditions under  which  each  experimenter  worked  parallel  in  nature, 
the  tests  afford  nevertheless  considerable  information  for  guiding 
future  work  of  a  similar  nature. 

An  examination  of  the  results  obtained,  which  arc  given  in 
Tables  I  to  XV,  following  this  report  (pages  184-191),  showed 
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generally  that  the  greatest  increase  in  weight  occurred  during  the 
period  in  which  the  oil  dried  to  a  firm  film.  This  occurred  in  most 
cases  within  48  hours.  After  this  period,  a  slight  increase  in 
weight  was  often  noticed  and  then  a  more  or  less  steady  decline, 
vaning  with  the  oil  examined.  Had  the  oil  tests  been  continued 
for  a  greater  length  of  time,  a  much  greater  loss  might  have  been 
observed. 

It  was  impossible  to  include  in  the  tests  the  oil-silica  film  work, 
on  account  of  lcy:k  of  time.  It  is  believed,  however,  that  these  tests 
should  be  conducted,  as  they  would  throw  much  light  on  the  elas- 
ticity and  strength  given  to  paint  films  by  various  oils. 

Respectfully  submitted  on  behalf  of  the  Sub-Committee, 

H.  A.  Gardner, 
Chairman,  Sub-Committee  C. 
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REPORT   OF   SUB-COMMITTEE    D   ON 
THE   ATLANTIC   CITY    STEEL   PAINT   TESTS. 

On  Wednesday,  June  28,  1911,  the  second  inspection  of  the 
Atlantic  Cit}'  Steel  Test  Panels  erected  in  October,  1908,  was 
made  by  the  Sub-Committee,  which  had  agreed  to  report  upon  the 
condition  of  the  painted  sufaces,  leaving  any  report  on  the  com- 
parative corrosion  of  the  various  types  of  metal  used  in  the  test 
to  Committee  A-5  on  the  Corrosion  of  Iron  and  Steel. 

Ratings  were  given  each  panel  according  to  the  amount  of 
rust  apparent  on  the  painted  surfaces  of  the  panels,  as  well  as  the 
degree  of  checking,  chalking,  scaling,  cracking,  peeling,  loss  of 
color,  and  other  signs  of  paint  failure  shown.  The  system  of 
rating  which  took  into  consideration  all  of  the  above  conditions, 
was  similar  to  the  system  used  at  the  first  inspection  during  19 10, 
when  o  (zero)  recorded  the  worst  results  and  10  (ten)  the  best 
results. 

In  Table  I  there  is  shown  the  rating  accorded  by  each  inspec- 
tor to  each  panel,  as  well  as  an  average  for  each  panel. 

In  Table  II  there  is  shown  the  rating  of  those  panels  which 
were  considered  by  the  Sub-Committee  as  meriting  from  8  to  10 
and  having  given  the  best  all-around  service. 

For  full  details  of  the  tests  as  well  as  an  outline  of  former 
reports,  the  reader  is  referred  to  the  Report  of  the  First  Inspection, 
Report  of  Committee  A-5,  Proceedings,  Vol.  X,  1910,  j)]).  73  IT. 

Respectfully  submitted  <>n  luli.ilf  of  the  Sub- Committee, 

H.  A.  Gardner, 
ChainmiUy  Suh-CommiUee  D. 
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Table  I. — Second  Inspection  ok  Paint-Test  Steel  Panels, 
Atlantic  City,  N.  J. 

By  Sub-Committee  D  of  Committee  D-i. 


Pigment. 


Dutch  process  white  lead 

Quick  process  white  lead 

Zinc  oxiae  (xx) 

Sublimed  white  lead 

Sublimed  blue  lead 

Lithopone 

Zinc  white  lead 

Orange  mineral  (American) 

Red  lead 

Bright  red  oxide 

Venetian  red 

Prince  metallic  brown 

Natural  graphite 

Artificial  graphite 

La,inp  black 

Willow  charcoal 

Carbon  black  (gas) , 

Yellow  ochre  (French) , 

Barytes  (natural) , 

Barytes  (precii)itated) 

Calcium  carbonate  (wliiting) 

Calcium  carbonate  (precipitated) 

Calcium  sulpliate  (gypsum) 

China  clay  (kaolin) 

Abestine  (magnesium  silicate) 

American  vermilion  (chrome  scarlet)  .  . 

Lead  chromate 

Z|nc  chromate 

Zinc  and  barium  chromate 

Chrome  green  (blue  tone) 

Prussian  blue  (W.  S.) 

Prussian  blue  (W.  I.) 

Ultramarine  blue 

Zinc  and  lead  chromate 

Magn  tic  black  oxide 

Brown  (composite  paint) 

Black    (composite  paint) 

White   (composite  paint) 

Green    (composite  paint) 

Black    (composite  painl ) 

Brown  (composite  paint) 

Wliite   (composite  paint) 

Green    (composite  paint) 

1  coat  zinc  chromate,  1  coat  iron  oxide 

excluder _. .  . 

I  coat  leatl  chromate,  1  coat  iron  oxide 

excluder 

1  coat  red  lead,  1  coat  iron  oxide  excluder 
Straight  carbon  black  paint  with  turps 

and  drier 

Straicrht  lamp   black   paint   with  turps 

and  drier 

Coal  tar  paint  (over  red  lead) 

Chrome  resinate  in  oil,  1  coat 

Boiled  (linseed)  oil,  3  coats 


^ 

K 

2 

>      4 

1 

^ 

3 
4 
1.5 

9 

9.5 

9 

9.5 

2 

1.5 

3 

4 

9 

9 

9 

9 

8.5 

9 

7 

9 

5 

7.5 

6 

8 

5 

7.5 

5 

7.5 

9 

8.5 

7 

8.5 

5 

7 

1 

1 

2 

1.5 

0 

0 

0 

0 

1 

1 

6 

6 

5 

4.5 

10 

10 

7 

7.5 

9 

9.5 

9 

9.5 

10 

10 

9 

9.5 

8 

9.5 

0 

0 

10 

9.5 

9 

9.5 

7 

9 

9 

9 

4 

4 

5 

7 

9 

9 

8 

8 

7 

10 

7 

8 

8 

8.5 

7 

8     ; 

7 

8.5  , 

5 

8.5 

5 

7 

4 

8 

1 

0 

1 
1 

0      1 

3 

3 

1 

9 

9. 

2 

5 

9 

9 

8 

7 

6 

4 

4 

5 

9 

5 

2 

1 

2 

0 

0 

2 

7 

6 
10 

8. 
10 
10 
10 

8. 

8 

0 
10 
10 

9 

9 

7 

7 

6 

6 

5 


5 
6 

2.5 
8.5 
7.5 
3.5 
7 

6.5 
6.5 
7 
9 
8 

9.5 
7 
8 
9 

8.5 
8 
0 
2 
0 
0 
3 

6.5 
5 
10 
8 

9.5 
9.5 
9.5 
9 

8.5 
0 

9.5 
9.5 
9 

8.5 
3 
8 
9 
9 


7.5 
7.5 

8.5 

8 

7 
2 


3  7 
4.2 
15 
9.0 
8.8 
2.2 
4.7 
8.3 
8.3 
8.1 
8.0 
6.3 
6.8 
5.9 
6.3 
8.8 
7.2 
5.6 
0.7 
1.8 
0.0 
0.0 
1.7 
6.3 
5.1 
10.0 
7.7 
9.5 
9.5 
9.8 
9.0 
8.5 
0.0 
9.7 
9.5 
8.5 
8.8 
4.5 
6.7 
8.2 
7.7 
7.2 
8.0 

8.1 

7.3 

7.7 


5.7 
5.2 
0.7 
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Table    II. — Analysis    of   Averages.     Grade    of    Excellence    from 

8  TO   lo. 


Panel. 


34 
41 
49 
39 
40 
51 
4 
44 
5 
20 

222 
45 

111 
9 
10 

655 
12 

2000 

14 

888 


American  vermilion  (chrome  scarlet) 

Chrome  green  (blue  tone) 

Zinc  and  lead  chromate 

Zinc  chromate 

Zinc  and  barium  chromate ; 

Magnetic  black  oxide 

Sublimed  white  leatl 

Prussian  blue  (W.  S.) 

Sublimed  blue  lead 

Willow  charcoal 

Black  (composite  paint) 

Prussian  blue  (W.  I.). 

Brown  (composite  paint) 

OranKe  mineral  (American) 

Red  lead 

Black  (composite  paint) 

Bright  red  oxide 

f  I  coat  line  chromate ) 

1  I  coat  iron  oxide  excluder j 

Venetian  red 

Green  (composite  paint) 


10.0 
9.8 
9.7 
9.5 
9.5 
9.5 
9.0 
9.0 
8.8 
8.8 
8.8 
8.5 
8.5 
8.3 
3.3 
8.2 
8.1 
8.1 
8.0 
8.0 


REPORT  OF  SUB-COMMITTEE  E  ON  LINSEED  OIL. 

This  Sub-Committee  reports  as  follows: 

In  1909  four  samples  of  linseed  oil  were  taken  under  the 
direction  of  this  Committee,  and  portions  of  these  samples  were 
re-bottled  and  sent  out  for  analysis,  the  results  obtained  being 
reported  at  the  meeting  of  the  Society  in  that  year.  In  addition 
to  the  portions  which  were  bottled,  two  5-gallon  cans  of  each 
sample  were  held  in  reserve  for  further  work.  One  can  of  each 
sample  was  bottled  under  the  direction  of  your  chairman  for 
analysis  in  the  early  part  of  this  year.  These  samples  had  been 
hermetically  sealed  for  about  two  years.  The  purpose  of  the  re- 
analysis  was  to  discover  how  far  they  had  changed  during  this  time. 

In  addition  to  these  four  samples  (numbered  i  to  4),  twelve 
other  samples  were  taken  for  analysis.  The  particulars  of  the 
sixteen  samples  as  shown  by  their  labels,  etc.,  are  as  follows: 

Sample 

No. 

I Sample  of  Linseed  Oil  taken  at  National  Lead  Co.'s  Atlantic 

Branch  Mill,  Feb.  2,  1909.  Bottled  under  direction  of 
G.  W.  Thompson,  Feb.  23,  1911.     North  American  seed. 

2 Sample  of  Linseed  Oil  taken  at  Hirst  &  Begley's  Chicago  Mill, 

Feb.  3,  1909.  Bottled  under  direction  of  G.  W.  Thompson, 
Feb.  23,  igii.     North  American  seed. 

3 Sample  of  Linseed  Oil  taken  at  American  Linseed  Co.'s  South 

Chicago  Mill,  Feb.  6,  1909.  Bottled  under  direction  of 
G.  W.  Thompson,  Feb.  23,  191 1.     North  American  seed. 

4 Sample  of  Linseed  Oil  taken  at  Archer-Daniels  Linseed  Co.'s 

Mill  at  Minneapolis,  Feb.  13,  1909.  Bottled  under  direc- 
tion of  G.  W.  Thompson,  Feb.  23,  191 1.  North  American 
seed. 

5 Sample  of  Linseed  Oil  taken  at  American  Linseed  Co.'s  South 

Chicago  Mill,  June  15,  1910,  by  Edw.  Gudeman  and  T.  J. 
Bryan.  Bottled  under  direction  of  G.  W.  Thompson, 
Mar.  I,  191 1.     North  American  seed. 

6 Sample  of  Linseed  Oil  taken  at  Archer- Daniels  Linseed  Co.'s 

Mill  at  Minneapolis,  July  21,  1910,  by  A.  S.  Mitchell  and 
F.  G.  Smith.  Bottled  under  direction  of  G.  W.  Thompson 
March  i,    1911.     North  American  seed. 
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Sample 

No. 

7 Sample  of  Linseed  Oil  taken  at  Archer- Daniels  Linseed  Co.'s 

Mill  at  Minneapolis,  about  Sept.  30,  1910,  by  A.  S.  Mitchell. 
Bottled  under  direction  of  G.  W.  Thompson,  Feb.  18,  191 1. 
North  American  seed. 

8 Sample  of  Linseed  Oil  taken  at  Archer- Daniels  Linseed  Co.'s 

Mill  at  Minneapolis,  Oct.  27,  1910,  by  F.  G.  Smith.  Bot- 
tled under  direction  of  G.  W.  Thompson,  Feb.  18,  191 1. 
North    American    seed. 

9 Sample  of  Linseed  Oil  taken  at  Archer- Daniels  Linseed  Co.'s 

Mill  at  Minneapolis,  about  Nov.  30,  1910,  by  A.  S.  Mitchell. 
Bottled  under  direction  of  G.  W.  Thompson,  Feb.  18,  191 1. 
North  American  seed. 

10 Sample  of  Linseed  Oil  taken  at  Archer- Daniels  Linseed  Oil 

Co.'s  Mill  at  Minneapolis,  about  Dec.  31,  1910  by  A.  S. 
Mitchell.  Bottled  under  direction  of  G.  W.  Thompson, 
Feb.   18,   191 1.     North  American  seed. 

II Sample  of  Linseed  Oil  taken  at  Hirst  &  Begley's  Chicago  Mill, 

Sept.  30,  1910,  by  H.  Roehling.  Bottled  under  direction 
of  G.  W.  Thompson,  Feb.  18,  1911.  North  American — 
largely  Southwestern — seed: 

I J Sample  of  Linseed  Oil  taken  at  Hirst  &  Begley's  Chicago 

Mill  about  Oct.  31,  1910,  by  H.  Roehling.  Bottled  under 
direction  of  G.  W.  Thompson,  Feb.  i8,  1911.  North 
American  Northwestern  seed. 

I  ; .  .  .  Sample  of  Linseed  Oil  taken  at  Hirst  &  Begley's  Chicago 

Mill,  Nov.  29,  1910,  by  H.  Roehling.  Bottled  under 
direction  of  G.  W.  Thompson,  Feb.  18,  1911.  North 
American    Southwestern    seed. 

14 Sample  of  Linseed  Oil  taken  at  Hirst  &  Begley's  Chicago  Mill, 

Dec.  29,  19 10,  by  A.  L.  Winton.  Bottled  under  direction 
of  G.  W.  Thompson,  Feb.  18,  1911.  North  American 
Northwestern  seed. 

I  .  .  Sample  of  Linseed  Oil  taken  at  Hirst  &  Begley's  Cliicago  Mill, 

Jan.  31,  191 1,  by  A.  L.  Winton.  Bottled  under  direction 
of  G.  W.  Thompson,  Feb.  18,  191 1.  North  American 
Northwestern  seed. 
.  Sample  of  Lin.sccd  Oil  taken  at  National  Lead  Co.'s  Atlantic 
Mill,  Feb.  24,  1911,  by  A.  H.  Sabin.  Bottled  under  direc- 
tion of  G.  W.  Thompson,  Mar.  i,  191 1.     Argentine  seed. 

Samples  7  to  15  were  taken  with  the  idea  of  observing  the 
variations  in  the  constants  of  linseed  as  affected  by  their  origin  and 
the  age  of  the  seed  from  which  they  were  made. 

Sample  i6  from  Argentine  Seed  was  taken  so  that  a  line  could 
be  obtained  on  its  constants. 
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It  was  decided  that  the  analysis  of  these  samples  should  be 
confined  to  the  following  determinations  ; 

5  C.  4.  Saponification  Number. 

5.  Unsaponifiable  Matter. 


Specific.  Gravity 


2.  Specific  Gravity 


i5°-5C. 

25°  c. 


6.  Refractive  Index  at  25°  C. 
Iodine  Number  (Hanus). 


25°  c. 
3.  Acid  Number.  7. 

The  methods  of  analysis  prescribed  were  those  detailed  in  the  report 
of  1909. 

The  following  analysts  or  laboratories  undertook  to  examine 
these  samples: 

1.  G.  W.  Thompson,  Chief  Chemist,  National  Lead  Company,  129 
York  St.,  Brooklyn,  N.  Y. 

2.  P.  H.  Walker,  Chief  Chemist  Contracts  Laboratory,  Department 
of  Agriculture,  Bureau  of  Chemistry,  Washington,  D.  C. 

3.  A.  D.  Little,  Inc.,  25  Broad  St.,  Boston,  Mass. 

4.  J.  W.  Kellogg,  Chief  Chemist,  Bureau  of  Chemistry,  Harrisburg,  Pa. 

5.  Spencer  Kellogg  and  Sons,  Buffalo,  N.  Y. 

6.  S.  S.  Voorhees,  Bureau  of  Standards,  Washington,  D.  C. 

7.  John  B.  Tuttle,  Bureau  of  Standards,  Washington,  D.  C. 

The  results  of  their  analyses  are  given  in  Tables  I  to  VI, 
inclusive,  pages  200-202  . 

It  will  be  noted  in  studying  these  results  that  the  ageing  of 
Samples  i  to  4,  inclusive,  has  not  materially  changed  the  constants 
of  these  samples  except  in  the  acid  number,  as  is  shown  by  the 
following  comparative  figures: 


Property  Considered. 

Year. 

Samples. 

1 

2 

3 

4 

15°  5 

Specific  Gravity    ,  iol!   C 

15  .5 

1909 
1911 

0.9347 
0.9342 

0.9331 
0.9329 

0.9331 
0.9331 

0.9344 
0.9344 

25° 
Specific  Gravity       ^  C 

1909 
1911 

0.9298 
0.9299 

0.9284 
0.9285 

0.9285 
0.9286 

0.9295 
0.9297 

Acid  Number 

1909 
1911 

1.15 
1.39 

3.50 
4.38 

1.94 
2.79 

1.58 

1.8C 

Saponification  Number 

1909 
1911 

190.6 
190.7 

190.1 
190.8 

190.1 
190.2 

190.2 
190.4 

Unsaponifiable  Matter 

1909 
1911 

0.99 
0.9G 

0.96 
0.95 

0.99 
0.99 

0.98 
1.04 

Refractive  Index  at  25°  C 

1909 
1911 

1.4800 
1.4799 

1.4794 
1.4792 

1.4797 
1.4793 

1.4797 
1.4794 

Iodine  Number  (Hanus) 

1909 
1911 

187.9 
186.9 

184.5 
183.0 

186.1 
186.0 

186.0 
184.1 
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It  would  appear  that  the  provisional  specifications  for  linseed 
oil  suggested  in  the  1909  report  are  fairly  reliable  for  oils  made 
from  North  American  seed.  The  Committee  is  not  qualified  at 
this  time  to  make  recommendations  of  specifications  for  linseed 
oil  from  East  Indian  or  Argentine  seed.  We  do  not  find  any 
material  or  rational  difference  in  the  oils  produced  from  North 
American  seed  based  on  differences  in  the  age  of  the  seed. 

The  Committee  has  been  unable  so  far  to  do  any  work  on 
oil  from  damaged  or  off-grade  seed. 

In  view  of  the  fact  that  there  is  so  great  a  variation  in  the 
iodme  number  and  specific  gravity  of  various  samples  of  linseed 
oil,  and  the  possibility  of  the  adulteration  of  linseed  oil  with  non- 
dr\'ing  oils,  without  the  oils  being  so  affected  in  iodine  number 
and  specific  gravity  as  to  enable  the  analyst  to  say  definitely  that 
they  have  been  adulterated,  your  Committee  would  urge  the  impor- 
tance of  the  development  of  other  tests  for  the  purity  of  linseed  oil. 
such  as  the  hexabromide  test,  both  on  the  oil  and  the  fatty  acids 
obtained  from  it,  the  acetyl  value  test,  and  the  percentage  of  solid 
or  saturated  fatty  acids  present. 

In  the  matter  of  boiled  linseed  oil,  the  Committee  has  made 
no  tests  of  certified  samples,  but  has  considered  the  question  care- 
fully and  agrees  on  the  following  points: 

1.  Boiled  linseed  oil  should  contain  no  appreciable  amount 

of  volatile  matter. 

2.  The  organic  unsaponifiable  matter  in  boiled  linseed  oil 

should  not  materially  exceed  that  present  in  raw  linseed 
oil. 

3.  While  the  Committee  could  not  agree  that  resin  com- 

pounds should  be  excluded  from  linseed  oil,  it  did  agree 
that  if  resin  compounds  are  present,  the  amount  should 
not  appreciably  exceed  what  would  combine  to  form 
normal  compounds  with  the  lead  and  manganese 
present. 

During  the  past  year  the  Committee  has  offered  samples  of 
the  1909  oils  to  investigators  for  the  purpose  of  dcveloi)ing  these 
tests.  Several  sets  of  samples  were  sent  out;  the  only  report  so  far 
received  has  been  one  from  the  T.cderle  Laboratories,  which  is 
appended  in  ftilt  hereto  without  comment. 
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We  append  hereto  (see  Appendices  to  this  report) : 

I.  A  detailed    report  by   the  Lederle  Laboratories   (pages 
203-207). 
II.  Abstracts  from  S.  S.  Voorhees'  report  (pages  208-210). 
III.  An  exceedingly  valuable  report  by  H.  W.  Bearse  of  the 
Bureau  of  Standards  on  the  Coefficient  of  Expansion  of 
Linseed  Oil  (pages  211-222). 
The  thanks  of  your  Committee  and  of  the  Society  are  due  to 
the  Department  of  Agriculture,  Bureau  of  Chemistry,   for  the 
assistance   rendered   in   taking   the   samples  of    linseed    oil;    to 
the  American  Linseed  Company,  the  Archer- Daniels  Company, 
Hirst  and  Begley,  and  the  National  Lead  Company  for  the  oil 
samples  contributed;  and  also  to  the  various  analysts  and  investi- 
gators who  have  done  work  on  these  samples. 

Respectfully  submitted  on  behalf  of  the  Sub-Committee, 

G.  W.  Thompson, 
Chairman,  Sub-Committee  E. 
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APPENDICES  TO  REPORT  OF  SUB-COMMITTEE  E. 


I.     REPORT  OF  LEDERLE  LABORATORIES,  NEW  YORK  CITV, 

ON  LINSEED  OIL  RECEIVED  FROM  THE  AMERICAN 

SOCIETY  FOR  TESTING  MATERIALS. 

I.  Specific  Gravity. 
(Pyknometers  of  50  cc.  capacity  were  used.) 

(a)  At  1 5°. 5  C. 
Sample  i.  Sample  2.  Sample  3.  Sample  4. 

0-93407  0.93319  0-93307  0.93352 

(b)At2S°C. 
0.92983  0.92841  0.92864  0.92963 

2.  Turbidity  and  Foots  in  Cubic  Centimeters. 
Twenty-five  cubic  centimeters  of  the  unfiltered  oil  were  allowed  to 
stand  14  days  in  glass  tubes  i  cm.  in  diameter.     The  tubes  were  supported 
in  an  upright  position  and  stood  in  a  light  place  at  an  average  daily 
temperature  of  81  ".9  F. 

o. 59  o. 20  0.17  0.58 

.  3.  Breaking  Test. 
Twelve  cubic  centimeters  of  the  filtered  oil  were  heated  in  a  test  tube 

1  in.  by  6  ins.  over  a  free  flame  to  300*'  C. 

Breaks  at  270°  C.     Does  not  break.      Does  not  break.     Breaks  at  265*  C. 

4.  Percentage  of  Moisture  and  Volatile  Matter. 
(a)   The  samples  were  dried  in  4-oz.  Erlenmeyer  flasks  at  105°  C.  in 
a  current  of  pure  dry  carbon  dioxide.     Two  grams  of  unfiltered  oil  were 
used,  drying  to  constant  weight.     Samples  i,  2  and  3  were  constant  after 

2  hours,  Sample  4  after  4  hours. 

0.02  o .03  o. 34  o. 23 

5.  Percentage  of  Ash. 
Ten  grams  of  unfiltered  oil  were  ignited  in  platinum  dishes  in  a 
muffle  at  dull  red  heat. 

0.139  0.031  0.033  0.190 

6.  Drying  Test  on  Glass  in  Hours. 

Glass  plates  7  cm.  square  and    1.5  to  3.0  mm.  thick  were  dried  at 

iio°C.  and  the  oil  applied  while  the  glass  was  still  warm;  after  cooling 

one  hour  in  a  dessicator,  the  plates  were  weighed  and  sufficient  oil  added 

to  make  0.1  gram.     The  plates  were  kept  under  a  ventilated  bell  jar  in  a 

(203) 
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li^ht  place.     Drying  was  completed  at  an  average  daily  temperature  of 
87°  F.  ^\-ithout  a  damp  day  intervening. 

Sample  i.  Sample  3.  Sample  3.  Sample  4. 

60  54  69  54 

7.  Oxygen  Absorption,  using  Lead  Monoxide. 
Lead  dishes  of  the  prescribed  size  and  shape  were  used  in  place  of 
aluminum  dishes.     After  the  completion  of  the  test,  the  dishes  all  appeared 
clean  and  bright. 

(a)  Five  Grams  Litharge. 
Per  cent.       Hours.       Per  cent.       Hours.       Per  cent.       Hours.        Per  cent. 
13.18  141  11.31  141  11-75  141  12.69 

(fe)  Ten  Grams  Litharge. 
13.74  141  1329  141  12.78  141  1340 

The  detailed  results  are  presented  in  Table  I. 

Table  1. — Percentage  of  Oxygen  Absorption. 


Hours. 
141 


141 


Time  in 

Sample  1. 

Sample  2. 

Sample  3. 

Sample  4. 

Hours. 

10  Grams 

5  Grams 

10  Grams 

5  Grams 

10  Grams 

5  Grams 

10  Grams 

5  Grama 

PbO. 

PbO. 

PbO. 

PbO. 

PbO. 

PbO. 

PbO. 

PbO. 

24 

12.89 

12.04 

11.98 

8.58 

11.81 

10.31 

12.49 

11. CI 

45 

12.39 

12.04 

11.75 

9.29 

11.44 

10.31 

12.09 

11.16 

53 

12.52 

12.04 

11.85 

9.48 

11.67 

10.60 

12.15 

11.28 

69 

12.70 

12.25 

12.18 

9.93 

11.81 

10.75 

12.40 

11.59 

77 

12.95 

12.52 

12.37 

10.25 

12.00 

11.04 

12.09 

11.90 

117 

13.16 

12.66 

12.68 

10.81 

12.26 

11.31 

12.  S9 

12.16 

125 

13.3ft 

12.93 

12.85 

10.96 

12.45 

11.46 

13.09 

12.35 

141 

13.74 

13.18 

13.29 

11.31 

12.78 

11.75 

13.40 

12.69 

149 

13.45 

13.07 

13.00 

11.20 

12.64 

11.63 

13.18 

12.48 

165 

13.24 

12.79 

12.79 

10.99 

12.30 

11.37 

12.97 

12.20 

173 

13.19 

12.75 

12.79 

11.01 

12.30 

11.37 

12.97 

12.20 

189 

13.16 

12.73 

12.81 

11.11 

12.28 

11.42 

12.93 

12.21 

197 

12.97 

12.60 

12.64 

10.98 

12.09 

11.18 

12.72 

12.09 

213 

13.12 

12  66 

12.81 

11.09 

12.28 

11.44 

12.89 

12.20 

221 

13.49 

12  99 

13.17 

11.43 

12,61 

11.69 

13  23 

12.50 

:J09 

13.47 

13.07 

13  31 

11.62 

12.59 

11.69 

13.21 

12.59 

Oil  tftk«& 

0.5165 

0.5157 

0.5205 

0.5464 

0.5374 

0.5225 

0.5273 

0.5328 

(cnum) 

8.  Acid  Number. 

(Expressed  in  milligrams  of  KOH  per  gram  of  oil.) 
.Sample  I.  Sample  3.  Sample  3.  Sample  4. 

1 .  30  3 . 60  a ■ 50  •  1 . 40 

9.  Saponification  Number. 
(Expresied  in  milligrams  of  KOH  |)cr  gram  of  oil.) 
Saponification  was  effected   by  boiling  one  hour  under  a  reflux 
conden—f ;  corrections  were  applied  for  the  action  of  the  alkali  on  the 
glass. 

190.6  190.4  193.0  *9>-7 

191. I  <89-9  191. 8  >93-5 

190.6  190. ]  193. I  191 .8 


190.8 


190.3 


191.9 
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II.     Liebermann-Storch  Test. 
Sample  i.  Sample  2.  Sample  3.  Sample  4 

Negative  Negative  Negative  Negative 

Green  Green  Green  Green 

12.     Refractive  Index. 
In  this  determination,   the   Zeiss   Butyro-Refractometer  was   used, 
using  sodium  light  as  a  source  of  iUumination.     Determinations  were  made 
on  the  original  oils  and  on  the  fatty  acids  prepared  from  the  oils. 

(o)   Original    Oils   at    25°  C. 
1.4799  1-4793  1-4794  1-4797 

(6)   Fatty  Adds  at2  5°C. 
1. 4710  1-4703  1.4708  1-4704 

13.     Acetyl  Value. 
Twenty  cubic  centimeters  of  the  filtered  oil  were  boiled  with  an  equal 
volume  of  acetic  anhydride  for  2  hours  under  a  reflux  condenser,  the  flask 
being   ground   to   the    condenser.     Both   the    distillation    and    filtration 
method  were  used. 

(o)    Distillation. 

28.3  21.0  18.5  18.3 

30.3  36.0  (?)  18.8  20.3 


(6)    Filtration. 

9.0 

23.0                               45° 

40.9 

1-5 

ai-3                                39-2 

34-3 

In  the  distillation  method,  it  appears  that  the  results  are  fairly  uni- 
form, omitting  the  36.0  value  for  Sample  2.  In  the  filtration  method, 
however,  the  results  are  far  from  satisfactory.  From  our  experiments 
it  seems  that  these  discrepancies  are  due  to  free  fatty  acids  coming  through 
with  the  final  filtrates,  as  indicated  by  the  fact  that  the  more  turbid  the 
filtrate  the  higher  the  result  obtained.  In  the  results  given  under  (6), 
after  adding  the  correct  amount  of  standard  acid  to  the  soap  solution,  the 
resulting  solutions  were  heated  under  a  reflux  condenser  until  quite  clear 
and  then  filtered.  Even  this  procedure  did  not  yield  perfectly  clear 
filtrates. 

In  one  case  where  the  filtrate  was  fairly  turbid,  a  value  of  36.3  was 
obtained  for  Sample  i.  In  another  case,  where  the  filtrate  was  markedly 
turbid,  a  value  of  55.6  was  obtained  for  Sample  2.  These  results  are 
excluded  for  this  reason. 

Lewkowitsch*  makes  the  following  statement: 

' '  In  order  to  facilitate  the  separation  of  the  Insoluble  fatty  acids  in 
the  filtration  process,  it  will  be  found  useful  to  add  a  slight  excess  of  min- 

♦  Chem.  Tech.  and  Anal,  of  Oils,  Fats  and  Waxes,  Vol.  I,  1904,  p.  ayo. 
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eral  add.     Of  course  this  amount  must  be  measured  accurately  and  de- 
ducted from  the  alkaU  required  for  determining  the  dissolved  acids." 

We  made  no  determinations  by  adding  more  than  the  equivalent 
quantity  of  acid,  but  it  seems  that  work  in  this  direction  would  be  of  some 
value  in  the  filtration  method. 

14.     Hexabromioe  Test. 
(a)  Bromine  Precipitate  (Tolman's  Method),  per  cent. 

£ample  i.  Sample  a.  Sample  3.  Sample  4. 

55-93  5701  58-48  49-31 

(6)  Melting  Point  of  Bromine  Precipitate,  degrees  Centigrade. 

137  138  138-5  136 

In  addition  to  the  above  determinations,  the  hexabromides  of  the 
fatty  acids  were  also  determined  according  to  the  method  of  Hehner  and 
Mitchell  as  described  in  Lewkowitch.* 

(c)   Hexabromides  of  Fatty  Acids  (Hehner  and  Mitchell),  per  cent. 
35-08  31.79  36.31  35.46 

Our  experience  with  this  determination  leads  us  to  believe  that  the 
volumes  of  reagents  used  is  of  importance.  The  following  series  were 
conducted  as  follows: 

Thirty  centimeters  of  glacial  acetic  acid  were  added  for  every  gram 
of  fatty  acids  used,  adding  bromine  in  excess.  After  standing  for  three 
hours  in  the  refrigerator,  the  bromides  were  filtered  through  a  Gooch 
crucible  and  washed  successively  with  5  cc.  each  of  chilled  glacial  acetic 
acid,  ethyl  alcohol  and  ethyl  ether.  The  crucible  was  dried  one  hour  at 
100*  C.  and  weighed.     The  results  obtained  are  given  under  (d). 

(d)   Hexabromides  of  Fatty  Acids  (Hehner  and  Mitchell),  per  cent. 
29.94  28.16  30.41  31-29 

29.87  27.38  29.75  31.54 

32.51  (?) 
(e)  Melting    Point    of    Hexabromides  of    Fatty  Acids,  from  Deter- 
minations {(i),  degrees  Centigrade. 
178  178.5  178.3  178.4 

Inasmuch  as  the  bromides  are  not  pure  white  as  obtained  above, 
another  series  of  determinations  was  made,  in  which  the  bromides  were 
washed  with  a  still  further  quantity  "f  cthvl  ether  imtil  j>iire  white  The 
results  are  given  under  (/). 

(/)  Hexabromides  of  Fatty  Acids  (llchncr  and  Mitchell)   washed  until 
pure  white,  jier  cent. 
28.33  .'6.0  7  f'7  28.79 

A  larger  quxmtity  of  hexabromides  of  the  fatty  acids  was  prepared 
quaUtatlvely  and  washed  until  pure  white.  The  melting  points  arc  given 
under  (c). 

•Ibid.  p.  |6s. 
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(g)   Melting  Point  of  Hexabromides  of  Fatty  Acids,  degrees  Centigrade. 
Sample  i.  Sample  2.  Sample  3.  Sample  4. 

177-3  177-8  177-3  177-7 

It  is  evident  from  these  results  that  the  determinations  as  carried  out 

under  (d),  with  the  exception  of  the  32.51  per  cent,  on  Sample  3,  show 

quite  uniform  results,  and  it  is  our  opinion  that  a  further  study  along  these 

lines  is  of  extreme  importance. 


15.     Iodine  Number. 

(a)   Hanus  Method. 

186. 1 

182. 1                               185.3 

183.6 

185.4 

182. 1                               184.0 

183.8 

185-75 

182. 1                               184.65 
(h)  Wijs  Method. 

183-7 

187.3 

183.9                             186.9- 

184.6 

187.2 

184.4                              187.1 

185.8 

187.25  184.15  187.0  185.2 

In  both  the  Hanus  and  Wijs  method,  the  solution  of  the  oil  was 

allowed  to  remain  in  contact  with  the  reagent  for  one  hour  in  a  dark  place 
before  titration. 

Respectfully  submitted, 

Joseph  A.  Deghuee,  Ph.D., 
Director,  Department  of  Chemistry. 
Paul  Poetschke, 
Ass't  Director,  Department  of  Chemistry. 


II.     COMMENTS  BY  S.  S.  VOORHEES.* 

Specific  Gravity. 

(a)  Plummet. — ^The  specific  gravity  was  obtained  by  means  of 
a  plummet  approximately  5  cc.  in  volume,  containing  an  accurate 
thermometer.  The  weighings  were  made  on  an  accurate  analyt- 
ical balance.  The  determination  was  first  made  at  25°  C,  since 
that  temperature  was  nearest  the  room  temperature.  The  tem- 
perature of  the  oil  in  the  cylinder  was  raised  two  or  three  degrees 
above  25°  C,  the  cylinder  placed  on  the  balance  with  the  plummet 
in  the  oil,  and  when  the  temperature  of  the  oil  fell  to  25°  C.  the 
weighing  was  quickly  made. 

To  obtain  the  specific  gravity  at  i5°.5  C.  the  oil  was  cooled 
in  chilled  water  to  about  13°  C,  the  cylinder  placed  in  the  balance 
case  with  plummet  suspended  in  the  oil,  and  when  the  temperature 
rose  to  1 5°.5  C  the  weight  was  taken.  The  plummet  was  standard- 
ized in  pure  water  at  these  temperatures  in  the  same  manner. 

(b)  Pyknometer. — These  determinations  were  made  by  means 
of  three  25-cc.  and  four  50-cc.  pyknometers  provided  with  ther- 
mometers and  perforated  caps.  The  pyknometers  were  filled 
with  the  oil  chilled  to  2°  or  3°  below  1 5°  C.  The  thermometer 
was  inserted  and  the  temj)erature  allowed  to  rise  to  i5°.5  C. 
When  that  temperature  was  reached  the  pyknometer  was  capped, 
cleaned  with  gasoline,  wiped  dr)-,  and  weighed. 

To  determine  the  specific  gravity  at  25°  C,  the  caps  were 
removed  and  the  pyknometer  placed  in  a  room  having  a  tempera- 
ture of  about  30°  C.  When  the  thermometer  showed  the  tem- 
perature of  the  oil  to  be  25°  C.  the  pyknometers  were  again  capped, 
cleaned  with  gasoline,  wij)cd  dry,  and  weighed  as  before.  The 
standardization  of  the  pyknometers  with  pure  water  was  conducted 
in  the  above  manner. 

Acid  Value. 

Ten  grams  of  oil  were  weighed  into  an  Erlenmeycr  flask  and 
25  cc.  of  neutralized  alcohol  added,  brought  to  a  boil  on  the  steam 
plate,  and  titrated  with  N/2  KOH  and  phcnolphthalein  as  indica- 
tor to  distinct  coloration. 


*ThMM  eoauMnU  nl*t  to  th*  dvtrrmiiuitlont,  etc.,  mad*  by  Mr.  Voorheei,  thnwn  in 
TablM  I  to  VI,  biolualvs,  of  thU  rtpcrt,  tip.  joo-ioj. 
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Liebermann-Storch  Tests. 

The  alcoholic  extract  of  the  above  determination  was  evapo- 
rated to  dryness  and  tested  for  rosin.  In  every  case  an  apple- 
green  coloration  was  obtained. 

Saponification  Value. 

A  water-white  standard  alcoholic  KOH  and  an  N/2  HCl, 
standardized  by  AgNOg  and  weighing  AgCl  in  a  Gooch  crucible, 
were  used.  Five  grams  of  oil  were  accurately  weighed  out  in  an 
Erlenmeyer  flask,  50  cc.  of  alcoholic  KOH  run  in  from  a  standard 
pipette,  a  glass  tube  reflex  condenser  inserted,  and  the  flask  heated 
on  the  water  bath  for  one  hour.  Then  it  was  cooled  and  titrated 
with  N/2  HCl  using  phenolphthalein  as  an  indicator. 

Volatile  Matter  at  110°  C. 

Ten  grams  of  oil  were  accurately  weighed  in  a  porcelain 
crucible  and  heated  for  2  hours  in  the  oven  at  1 10°  C. 

Sample  No.  Per  cent.  Loss.  Sample  No.  Per  cent.  Loss. 

I 0.05  9 0.04 

2 o .03  10 0.05 

3 013  II 0.06 

4 0.04  12 0.04 

5 o-  13  13 004 

6 0.06  14 0.04 

7 0.04  15 0.05 

8 0.04  16 0.05 

Percentage  of  Ash. 

The  oil  from  the  volatile  determinations  was  ashed  and  the 
ash  tested  for  manganese  by  means  of  ammonium  persulphate. 
The  manganese  coloration  was  obtained  in  every  case  and  in  some 
cases  was  quite  marked. 

Sample  No.  Per  cent.  Sample  No.  Per  cent. 

I 0.16  9 0.19 

2 0.02  10 0.21 

3 0.03  II 0.05 

4 0.16  12 0.03 

5 003  13 0.03 

6 0.18  14 o  .04 

7 0.18  15 0.16 

8 0.16  16 0.16 
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Iodine  Number. 

About  0.15  gram  of  oil  was  weighed  into  freshly  ignited  porce- 
lain boats,  introduced  into  tightly  stoppered  bottles  of  500-cc. 
capacit}-,  and  dissolved  in  10  cc.  of  chloroform.  Twenty-five 
cubic  centimeters  of  Hanus  solution  were  added  and  allowed  to 
stand  30  minutes,  the  botde  being  shaken  three  times  during  that 
period.  At  the  end  of  30  minutes  10  cc.  of  lo-per  cent.  KI  solu- 
tion were  added,  the  bottle  shaken,  100  cc.  of  water  added,  and  the 
excess  of  iodine  titrated  with  N/io  thiosulphatc  solution  using 
starch  as  an  indicator.  The  excess  of  iodine  was  about  59  per  cent. 
of  the  total  amount  added.  The  thiosulphate  solution  was  stan- 
dardized with  N/io  potassium  dichromate  prepared  by  dissolving 
4.90838  grams  of  the  pure  salt  dried  at  130°  C.  in  one  liter  of  dis- 
tilled water.     Blanks  were  run  with  each  set  of  determinations. 

S.  S.  VooRHEES,  Engineer-Chemist, 


III.     THE  DENSITY  AND  THERMAL  EXPANSION  OF 
LINSEED  OIL. 

By  H.  W.  Bearse. 

Introduction 

An  investigation  of  the  density  and  thermal  expansion  of  lin- 
seed oil  was  undertaken  at  the  Bureau  of  Standards  in  response  to  a 
demand  for  more  complete  and  accurate  knowledge  of  these  phy- 
sical constants  as  an  aid  in  setting  up  standards  of  purity  of  this 
substance.  It  was  hoi)cd  also  that  a  comprehcnsi\c  study  might 
reveal  some  definite  relations  between  different  physical  properties, 
such,  for  example,  as  density  and  coefficient  of  expansion. 

The  work  was  very  greatly  aided  by  the  American  Society  for 
Testing  Materials,  from  whom  the  samples  were  secured  through 
the  courtesy  of  Air.  S.  S.  Voorhees,.a  member  of  the  special  com- 
mittee on  linseed  oil  and  a  member  of  this  Bureau. 

Experimental  Work. 

Sixteen  samples,  of  known  origin,  were  secured  and  their 
densities  determined  at  io°,  20°,  30°,  and  40°  C.  by  the  method 
of  hydrostatic  weighing,  that  is,  by  weighing  in  the  sample  a  sinker 
of  known  mass  and  volume. 

The  apparatus  used  in  making  the  density  determinations  was 
that  devised  by  Mr.  N.  S.  Osborne,  formerly  of  this  Bureau,  and 
used  by  him  in  the  work  on  the  density  and  thermal  expansion 
of  ethyl  alcohol. 

Arrangement  of  Apparatus. 

The  arrangement  of  apparatus  is  as  follows:  The  sample 
under  investigation  and  the  sinker  are  placed  in  a  tube  having  a 
length  of  about  50  cm.  and  a  diameter  of  2  cm.,  and  surrounded 
by  a  temperature  bath  kept  in  constant  circulation  by  a  sm.all 
propeller.  This  inner  bath  is  surrounded  by  a  second  bath, 
which  is  also  kept  in  constant  circulation  and  whose  temperature 
can  be  maintained  constant  or  varied  at  will  over  a  range  of  10° 
to  40°  C,  by  means  of  a  thermostat  and  an  electric  heating  coil  and 
a  copper  coil  through  which  refrigerating  brine  may  be  passed. 
The  outside  containing  vessel  for  the  various  tubes  and  baths  is  a 
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large  unsilvered  Dewar  cylinder  provided  with  a  brass  cap  suitablc- 
for  supporting  the  inner  parts  of  the  apparatus.  The  cylinder 
is  mounted  in  a  vertical  position  and  covered  with  a  layer  of 
nickeled  paper  through  which  windows  are  cut  to  permit  observa- 
tions to  be  made. 

The  temperature  is  read  on  two  mercurial  thermometers 
suspended  in  water  in  a  tube  placed  symmetrically  with  that  con- 
taining the  sample  of  oil.  The  thermometers  are  so  mounted  on 
a  movable  cap  that  by  its  rotation  they  may  be  successively  brought 
into  position  for  reading,  which  is  done  with  the  aid  of  a  long- focus 
microscope.  The  object  c>f  placing  the  thermometers  in  a  tube 
instead  of  directly  in  contact  with  the  water  of  the  inner  circulating 
bath  is  to  eliminate,  "as  far  as  possible,  errors  due  to  temperature 
lag  within  the  densimeter  tube.  Since  the  sample  under  test  is 
separated  from  the  circulating  bath  by  the  densimeter  tube,  the 
thermometers  should  be  separated  from  it  by  a  similar  tube,  in 
order  that  when  a  constant  temperature  is  indicated  by  them  the 
same  constant  temperature  shall  obtain  within  the  densimeter  tube. 

The  same  thermometers  were  used  repeatedly  over  the  same 
temperature  range,  and  from  previous  experience  with  these 
thermometers  o\cr  this  range,  it  was  thought  unnecessar}'  to  take 
ice-p)oint  readings  after  each  reading  of  the  thermometers.  Ice- 
point  readings  were,  however,  taken  occasionally  throughout  the 
work  and  these,  together  with  an  extended  sc'ries  obtained  earlier 
in  the  year,  were  found  to  be  sufliciently  concordant  to  warrant  their 
use  in  fixing  the  corrections  to  be  applied  at  the  various  tempera- 
tures. 

The  thermometers  used  were: 

B.  S.  No.  4653,  made  by  Tonnelot  in  i888,  of  verre  dur  glass. 
B.  S.  No.  9040,  "  "  Hnak  "  1906,  "  Jena  16'"  glass. 
B.  S.  No.     264,      "       "    Riohter     "   1902,  "       " 

All  thermometers  were  graduated  to  o°.i  C. 

The  volume  of  the  sinker  used  in  making  the  density  deter- 
minations was  calculated  from  its  mass  and  its  apparent  woi<^ht 
in  twice  distilled  water  at  4**,  10**,  20**,  30°,  and  40°  C,  assuming 
Chappuis'  values  for  the  density  of  water.    The  equation 

V,'V,r  +a(t-x)+fi(t-xy 

was  assumed   to  n.-prt'scnt   suflu  irntlv   well   llu'  fxpiinsion   of  the 
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sinker.     The  values  of  V^,  a  and  /S  obtained  by  making  a  least 
squares  reduction  of  the  observations  were : 
Fx  =  1^24=47-7174  cc. 

a    =0.0011001 

)8  =0.0000009734 
Therefore, 

F,  =  47 . 7 1 74 +0 .  001  looi  (^ — 24) +0 .  00000097340 — 24)', 

from  which  the  calculated  volumes  are  as  follows: 

Temperature,  Volume, 

deg.  Cent.  ec. 

10 47.7022 

20 47-7130 

30 477240 

40 47 ■ 7352 

The  sinker  is  suspended  by  a  hook  from  a  small  secondary 
sinker  attached  to  a  wire  let  down  from  one  pan  of  the  balance. 
The  secondary  sinker  has  a  mass  sufficient  to  keep  the  suspension 
wire  straight  and  in  its  proper  position,  and  is  always  immersed 
in  the  liquid  whether  the  larger  sinker  (of  known  mass  and 
volume)  is  attached  or  not. 

The  suspension  wire,  at  the  point  where  it  passes  through  the 
surface  of  the  liquid,  has  a  diameter  of  0.3  mm.  and  is  covered  with 
a  layer  of  unpolished  gold  by  electro-deposition.  In  the  case  of 
liquids  which  imperfectly  wet  the  suspension,  this  roughening  of 
the  surface  is  essential,  but  with  oil  it  is  probably  unnecessary. 

All  weighings  were  made  by  the  method  of  substitution,  that 
is,  a  constant  mass  was  kept  on  one  pan  of  the  balance  and  the 
weighings  made  on  the  other,  sufficient  weights  being  placed  on 
the  pan  to  secure  equilibrium,  first  with  the  sinker  attached  and 
then  detached.  The  weighings  were  made  on  a  Rueprecht  ana- 
lytical balance  (B.  S.  No.  5156)  having  a  capacity  of  200  grams  and 
a  sensibility  of  0.08  gram  per  division  when  undamped.  When 
the  immersed  sinker  was  attached  the  sensibility  was  greatly 
reduced ,  especially  at  the  lower  temperatures,  owing  to  the  viscosity 
of  the  oil.  At  the  higher  temperatures,  weighings  could  be  made 
to  a  few  tenths  of  a  milligram,  but  at  10°  C.  difficulty  was  ex- 
perienced in  weighing  closer  than  from  one  to  two  milligrams. 

Of  the  weights  used,  those  of  less  than  i  gram  were  a  special 
set  provided  with  the  balance,  and  were  manipulated  by  keys 
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on  the  outside  of  the  balance  without  opening  the  case.  Those 
between  i  and  loo  grams  were  platinum-plated  brass  weights 
(B.  S.  No.  5157).  These  weights,  used  only  for  special  purposes, 
were  re-calibrated  a  few  months  before  the  beginning  of  this  work, 
and  the  maximum  error  of  any  possible  combination  of  weights 
was  found  to  be  so  small  in  comparison  with  accidental  errors 
as  to  be  negligible. 

All  weighings  were  reduced  to  \acuo  by  means  of  a  special 
device  originally  designed  for  use  in  correcting  weighings  of  water 
in  the  test  of  volumetric  apparatus.  This  apparatus  consists  of  a 
glass  bulb  of  such  a  volume  (about  900  cc.)  that  when  suspended 
from  one  arm  of  a  balance  and  counterpoised  against  a  brass  weight 
of  equal  mass,  the  number  of  milligrams  that  must  be  added  to  the 
pan  from  which  the  bulb  is  suspended  to  secure  equilibrium  is 
equal  to  the  buoyancy  on  a  liter  of  water  weighed  in  air  against 
brass  w^eights.  This  buoyancy  constant  when  divided  by  881.3 
(which  is  the  difference  in  volume  between  the  brass  weights  and 
the  glass  bulb)  gives  the  air  density.  For  convenience,  a  table  is 
arranged  gi\ing  the  air  density  corresponding  to  any  observed  buoy- 
ancy constant. 

Method  of  Procedure. 

In  making  the  density  determinations  the  method  of  proce- 
dure was  as  follows:  The  water  in  the  outside  circulating  bath  was 
first  brought  to  the  desired  temperature.  When  the  thermometers 
in  the  inner  tube  indicated  a  constant  temperature,  it  was  assumed 
that  the  liquid  in  the  densimeter  tube  was  at  the  same  constant 
temperature,  and  obsenations  were  begun.  First,  a  weighing  was 
made  with  the  sinker  suspended  in  the  sample,  then  the  tempera- 
ture was  observed  on  each  of  the  two  thermometers;  next  a  weighing 
was  made  with  the  sinker  off,  then  a  second  with  the  sinker  on, 
and  after  that  a  second  observation  of  temperature.  The  tempera- 
ture was  then  changed  to  the  next  point  of  the  scries,  and  here  the 
same  order  was  followed,  e.xcept  that  at  40°  only  one  thcrmonuter 
was  read.  After  completing  the  observations  at  the  four  tem- 
peratures, 10°,  20°,  30°,  and  40°  C,  the  density  at  each  teni]>erature 
was  calculated  from  the  weighings  and  the  observed  temjKraturcs. 
The  mean  of  the  differences  between  the  weighings  with  the  sinker 
on  and  oflf  was  taken  as  the  apparent  weight  of  the  sinker  in  the 
sample  at  tin*  tcnunTaturc  of  ()l)scr\;ili<)n    liiis  Icniiicrnturc  being 
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taken  as  the  mean  of  the  four  corrected  thermometer  readmgs. 
The  apparent  weight  of  the  sinker  was  corrected  for  the  buoyancy 
of  the  air  by  subtracting  from  it  the  volume  of  the  brass  weights 
multiplied  by  the  air  density.  This  corrected  weight  of  the  sinker 
in  the  sample,  subtracted  from  its  weight  in  vacuo,  gives  the  weight 
of  the  liquid  displaced  by  the  sinker;  and  the  weight  of  this  dis- 
placed liquid  divided  by  its  volume — that  is,  the  volume  of  the 
sinker — ogives  the  density  of  the  sample  at  the  temperature  of 
observation.     Or,  if  expressed  in  the  form  of  an  equation, 

(w—u\)  +{W—U'^)/ p\ 

2  V      8.4/ 


W— 


Dt 


V, 


in  which 


Z)|= density  of  sample  at  the  temperature  /. 
TV = weight  of  sinker  in  vacuo, 
w = weighing  with  sinker  off. 
Wj  and  ^2  =  weighings  with  sinker  on. 
|3= air  density. 
8.4= assumed  density  of  brass  weights. 
F,  =  volume  of  sinker  at  temperature  /. 

After  calculating  the  density  of  a  sample  at  10°,  20°,  30°,  and 
40**  C,  it  was  assumed  that  the  rate  of  expansion  could  be  rep 
resented  by   the   equation 

D,  =/),  +  a{t-x)  +  ^{t-xy, 

and  a  least  squares  reduction  was  applied  to  the  measured  densities 
in  order  to  find  D^,  a,  and  j8,  and  the  most  probable  value  of  the 
density  at  each  temperature. 

Table  I  contains  the  observations  on  an  average  sample, 
No.  6.  The  reduction  of  these  observations  is  also  given  as 
follows : 

Rbduction  or  Observations,  Samplb  6. 


'u 

C,- 
l-tm 

< 

Ci- 

< 

nt 

C^N 

t\N 

10 

-18 

-  A 

0 

1« 

225 

as 

AOO 

100 
-100 
-100 

100 

10000 
10000 
10000 
10000 

40000 

0.0300M 
0.929794 
0.922904 
0  910109 

0.930889 

+  0.010300 
+  0.003405 
-0  00342ft 
-0.010280 

-O.IMSO 
-0.01702 
-0.01712 
-0.18420 

+  1.0300 
-0.3405 
+  0.8428 
-1.0280 

<a»»t0 

-0.84284 

+  0.0040 
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500  a  =  —  0.34284         40000  /8  =  +  0.004 

a  =  —  0.0006857  ^  ~   +0.0000001 

D,+l2S/8=(A)m 

Dx  —  D^  —  o.  926389  —  0 .000012 

Djs  =  0.926377 

r>t=/)«  +  a(^-25)  +  )8(f-25)» 

Dt  =0.926377  —  0.0006857(^—25)  +  0.0000001(^-25)' 


t—25 

a-25)' 

a(/— 25) 

^«-25)2 

Dt 

Observed 

minus 
Calculated. 

Calculated. 

Observed. 

10 

20 
30 
40 

-15 

-   5 

5 

15 

225 
25 
25 

225 

+  0.010286 
+  0.003428 
-0.003428 
-0.010286 

+  0.000022 
+  0.000002 
+  0 .000002 
+  0.000022 

0.93668 
0.92981 
0.92295 
0.91611 

0.93669 
0.92979 
0.92296 
0.91611 

1 

-2 

1 

0 

Dt=D^  +  a{t-2s)  + ^{t-2sy  (i) 

Taking  for  a  and  y8  the  mean  values  of  the  sixteen  samples, 
the  general  equation  becomes 

Dt  =D^  —  0.0006847  (^—25)  +  0.00000012  (/— 25)' 

If  it  is  desired  to  reduce  the  expansion  to  a  single  term,  for  use  over 
a  short  temperature  range,  this  may  be  done  by  differentiating  the 
general  equation  and  combining  a  and  ^  into  a  single  term  a', 
which  will  be  different  for  different  temperatures. 

Dt  ^D,,+ a{t- 25)  +  fiit-2sy 

St  ^'^ 

Substituting  for  /  the  values  10,  15,  20,  25,  30,  35,  and  40,  we 
have  for  the  rate  of  change  of  density  at  the  different  temperatures 
the  following  values : 

Temperature,  Change  per 

deg.  Cent.  deg.  Cent. 

10 o . 0006883 

15 0.0006871 

20 0.0006859 

25 o  .0006847 

30 0.0006835 

35 0.0006823 

40 0.000681 1 
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The  densities  of  the  sixteen  samples  of  linseed  oil,  reduced  to 
the  basis  of  specific  gravity  at  i5°-5/i5°.5  C.  and  at  25°/25°  C, 
are  as  follows: 

Sample  No.  Density. 

Sp.  Gr.  -£—1  C.    Sp.  Gr.  —  C. 

I o- 93499  0.93028 

2 0-93309  0.92840 

3 0.93325  0.92857 

4 0.93447  0.92978 

5 0.93221  0.92751 

6 0.93379  0.92909 

7 0.93428  0.92960 

8 0.93420  o  92951 

9 0.93458  0.92992 

10 0.93471  0.93002 

II •  0.93317  0.92849 

12 0.93336  0.92868 

13 0.93272  0.92805 

14 0.93414  0.92944 

15 0.93463  0.92992 

16 0.9323S  0.92771 

Table  II  is  a  summan-  of  the  results  on  the  sixteen  samples 
arranged  in  the  increasing  order  of  their  densities.  It  will  be 
seen  from  the  tabulated  results  that  the  coefficient  of  expan- 
sion as  determined  from  sixteen  samples  varies  over  rather 
narrow  limits;  for  example,  at  25°  C.  the  change  of  density  per 
degree  lies  between  0.0006823  and  0.0006873,  ^^^  mean  of  the  six- 
teen samples  being  0.0006847.  It  v/ill  also  be  seen  that  the  rate 
of  change  of  density  is,  in  general,  greater  at  the  lower  than  at  the 
higher  temperatures,  Sample  9  being  the  only  exception.  In  re- 
gard to  this  exception,  it  should  perhaps  be  stated  that  the  tabu- 
lated values  of  a,  fi,  and  D^^  are  the  means  of  two  independent 
determinations  on  different  portions  of  Sample  9  and  that  these  two 
determinations  were  in  substantial  agreement.  The  truth  of  the 
exception  would,  therefore,  seem  to  be  established.  It  further 
appears  from  the  tabulated  results  that  the  coefficient  of  expansion 
is  somewhat  greater  for  the  heavier  than  for  the  lighter  oils;  the 
mean  of  the  first  half  of  the  scries  being  0.000^)842  at  25°  T.  and 
for  the  last  half  0.0006852.    This  fact,  however,  should  not  be 
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Table  II. — Density  and  Thermal    Expansion    of    Linseed 
Temperatures  between   10°  and  40°  C. 
(Arranged  in  increasing  order  of  the  densities.) 


Oil    at 


Density. 

Sample 

No. 

10°  „ 

20"  „ 

30"  „ 

40°  „ 

25"  „ 

aX10» 

/?X10» 

-4-c. 

^c. 

-40-C. 

-^c. 

-4-C. 

5 

0.93513 

0.92823 

0.92139 

0  91460 

0.92480 

-6844 

+  262 

10 

0  93526 

0.92841 

0  92158 

0.91475 

0  92499 

-6836 

-t     60 

13 

0.935G1 

0.92875 

0  92193 

0.91514 

0.92'i34 

-6823 

+  192 

2 

0.93598 

0.92911 

0.92226 

0.91543 

0.92568 

-6851 

+    90 

11 

0 . 93606 

0.92920 

0.92235 

0.91552 

0  92578 

-6848 

+    58 

3 

0.93614 

0.92928 

0.92244 

0.91561 

0  92586 

-6843 

+    90 

12 

0.93624 

0 . 92938 

0.92255 

0.91573 

0.92596 

-6838 

+    95 

6 

0.93668 

0  92981 

0  92295 

0.91611 

0  92638 

-6857 

+  100 

14 

0.93704 

0.93016 

0  92329 

0  91642 

0.92672 

-6875 

+    38 

8 

0.93710 

0 . 93022 

0  92338 

0.91657 

0.92680 

-6843 

+  168 

7 

0.93716 

0.03031 

0  92347 

0  91664 

0.92688 

-6840 

+    78 

4 

0 . 93738 

0.93049 

0.92365 

0.91686 

0  92706 

-6842 

+  240 

9 

0.93746 

0 . 93062 

0.92377 

0  91691 

0 . 92720 

-6850 

-   88 

15 

0.93755 

0.93063 

0.92378 

0.91099 

0.92720 

-6852 

+  320 

10 

0.93761 

0.93073 

0.92389 

0.91707 

0.92730 

-6844 

+  155 

1 

0.93789 

0.93100 

0.92413 

0.91727 
Mean 

0.92756 

-6873 
-6847 

+    78 

0.92634 

+  120 

given  great  weight,  as  three  samples  in  the  first  half  fall  above  and 
four  in  the  last  half  below  the  mean  value. 

It  appears  from  this  investigation  that  if  the  density  of  any 
sample  of  pure  linseed  oil  be  determined  at  25°  C,  its  density  at 
any  other  temperature  between  10°  and  40°  C.  may  be  calculated 
within  the  limits  of  ordinary  experimental  errors  by  use  of  the 
general  equation 

in  which  a  is  taken  as  —0.0006847  and  ^  as  +0.000000120.  Or, 
the  density  may  be  measured  at  any  other  convenient  temperature 
and  for  short  temperature  intervals  the  corresponding  value  of  a' 
used.  For  example,  to  reduce  from  19°  C.  to  20°  C.  the  value 
0.0006859  would  be  used. 

It  should  be  borne  in  mind  that  all  values  in  this  paper  are 
referred  to  water  at  4°  C.  as  unity  and  not,  as  is  sometimes  done, 
referred  to  water  at  the  same  temperature.  If,  however,  as  is 
sometimes  convenient,  density  determinations  are  referred  to  water 
at  the  same  temperature,  they  may,  of  course,  be  reduced  to  the 
basis  of  4°  C.  by  multiplying  by  the  density  of  water  at  the  tempera- 
ture of  observation. 
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In  regard  to  the  accuracy  of  the  results  given  in  this  paper, 
it  is  believed  that  at  all  temperatures  except  io°  C.  the  values  of 
density  are  correct  to  within  three  units  of  the  fifth  decimal  place, 
and  at  io°  C.  to  within  five  units  of  the  fifth  decimal  place.  At 
io°  C.  the  method  employed  was  not  so  satisfactory  as  it  was  at 
the  higher  temperatures,  owing  to  the  increased  viscosity  of  the  oil. 
As  there  is  also  some  objection  to  the  use  of  this  method  on  those 
samples  in  which  a  large  amount  of  suspended  matter  is  present, 
it  is  expected  that  in  the  immediate  future  a  series  of  measure- 
ments will  be  made  with  a  special  pyknometer  of  the  Sprengle  type, 
designed  for  the  temperature  bath  already  described,  to  determine 
the  magnitude  of  the  change  of  density  caused  by  the  settling  out  of 
the  suspended  matter. 

A  comparison  of  the  values  of  the  coefficient  of  expansion 
given  in  this  paper  with  those  generally  accepted  will  show  that  the 
values  given  by  Allen*  and  by  Andesf  appear  to  be  too  small ;  they 
are  respectively  0.000649  ^^^  0.00063  P^^  degree  Centigrade. 
Ennis|  gives  0.00045  P^'"  degree  Fahrenheit,  which  is  equal  to 
0.00081  per  degree  Centigrade  and  is  undoubtedly  too  large.  The 
low  value  given  by  Allen  may  be  explained,  at  least  in  part,  by  his 
assumption  that  the  rate  of  expansion  is  the  same  at  all  terrpera- 
tures.  He  determined  the  specilic  gravity  at  two  widely  separated 
temperatures,  and  took  the  mean  value  thus  found  as  the  coeffi- 
cient of  expansion.  Since  the  present  work  has  shown  that  the 
rate  of  expansion  is  less  at  the  higher  than  at  the  lower  tempera- 
tures, the  mean  coefficient  given  by  Allen  is  obviously  too  low  for 
ordinary  laboratory  temperatures. 

Hurst§  gives  the  value  0.00065  ^^  the  change  of  densitj-  per 
degree  Centigrade.  Maire||  gives  the  value  of  0.00035  per  degree 
Fahrenheit  (0.00063  per  degree  Centigrade),  but  he  apjilicd  the 
temperature  correction  in  the  wrong  direction.  The  most  com- 
plete and  definite  results  found  are  those  obtained  by  Sabin.^| 
He  gives  the  rate  of  change  between  i5°.5  and  28°  C.  as 0.000692, 
and  between  28°  and  100°  C.  as  0.000720  per  degree  Centigrade. 


* Commcrei*!  Organic  Analycia,  Vol.  I,  P»rt  i. 

t  Bolkd  OIU,  Drying  Oils,  etc. 
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This  value  of  the  expansion  between  15°. 5  and  28°  C.  is  in 
better  agreement  with  the  results  of  the  present  investigation 
than  any  other  yet  found.  The  increased  coefTicient  at  high 
temperatures,  reported  by  Sabin,  was  not  confirmed  by  this  work. 
It  is  possible,  of  course,  that  the  coefficient  does  increase  at 
temperatures  higher  than  that  to  which  this  work  was  carried. 

A  majority  of  the  references  consulted  give  the  limits  of  the 
sj)ecific  gravity  of  pure  raw  linseed  oil  at  i5°.5  C.  as  0.931  to  0.937, 
referred  to  water  at  i5°.5  C.  as  unity.  The  limits  found  in  the 
present  investigation,  if  reduced  to  the  same  temperature  basis,  are 
0.9322  and  0.9350. 

From  the  scant  data  available,  and  in  the  inadequacy  of  the 
usual  definitions  of  specific  gravity,  it  is  impossible  to  make  a  satis- 
factory comparison  of  published  results.  For  example,  by  the 
term  "coefficient  of  expansion"  one  author  means  the  change  of 
specific  gravity  per  degree  Centigrade  divided  by  the  specific 
gravity;  another  means  the  change  of  specific  gravity  per  degree, 
all  specific  gravities  being  referred  to  water  at  the  temperature  of 
observation ;  while  still  another  means  the  change  of  specific  gravity 
per  degree,  the  specific  gravities  being  referred  to  water  at  two 
different  temperatures — that  is,  the  coefficient  of  expansion  last 
defined  is  the  difference  between  the  expansion  of  the  oil  in  ques- 
tion and  that  of  water. 

The  writer  wishes  to  protest  most  vigorously  against  these 
many  and  varied  practices,  and  to  suggest  that  all  specific  gravities 
be  referred  to  water  at  some  one  definitely  stated  tempera- 
ture (preferably  4°  C,  in  order  that  specific  gravity  and  density 
expressed  in  grams  per  cubic  centimeter  may  become  identical), 
and  that  the  coefficient  of  expansion  of  a  liquid  be  understood  to 
mean  the  change  of  density  per  degree  Centigrade. 

A  word  of  explanation  in  regard  to  this  proposed  uniform 
temperature  basis  for  all  specific  gravity  determinations  may  per- 
haps not  be  out  of  place,  as  the  objection  is  often  raised,  by  chemists 
and  others,  that  4°  C.  is  not  a  convenient  temperature  at  which 
to  make  determinations.  Now  in  reality  that  is  no  objection  at  all, 
for  the  reason  that  determinations  need  not  be  made  at  4°  C, 
but  may  be  made  as  usual  at  any  convenient  temperature  and  then 
reduced  to  the  basis  of  water  at  4°  C.  as  unity,  by  multiplying  by  the 
ratio  of  the  densities  of  water  at  the  temperature  of  observation 
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and  at  4°  C.  Since  expressing  specific  gravities  in  terms  of  water 
at  a  definite  temperature  simply  means  that  a  definite  value  has 
been  chosen  for  the  unit  to  be  em|)loyed,  it  follows  that  if  the  rela- 
tive size  of  the  different  units  be  known,  the  specific  gravities  may 
be  expressed  in  terms  of  water  at  any  desired  temperature. 

Suppose,  for  example,  that  it  is  desired  to  determine  by  the 
use  of  the  pyknometer  the  specific  gravit>'  of  a  sample  of  oil  at 
20°  C.  in  terms  of  water  at  4°  C.  as  unity  (that  is,  the  density  at 
20°  C).  It  is  only  necessary  to  determine  it  at  20°  C.  in  terms  of 
water  at  20°  C.  in  the  usual  manner,  and  then  multiply  the  observed 
value-  by  the  density  of  water  at  20°  C.  Suppose  the  value  of  the 
specific  gravity-  at  20^/20°  C.  is  found  to  be  0.93182;  then  the 
value  at  20°/4°  C.  will  be  0.93182  xo.998234=o.93oi7. 

For  other  temperatures  the  transformation  is  equally  simple : 

Specific  Gravity  at '■ — C.  =  Specific  Gravity  at — - — C.  Xo .  999050. 

4  ^5-5 

25*  25" 

Specific  G^a^•ity  at C.  =  Specific  Gravity  at — -^-C.  X0.997077, 

4  25 


REPORT  OF  SUB-COMMITTEE  F  ON  THE  DEFINITION  OF 
TERMS  USED  I\  PAINT  SPECIFICATIONS. 

In  this  report  only  general  terms  have  been  included.  Other 
terms  are  under  consideration  and  will,  it  is  hoped,  be  reported  on  at 
later  meetings  of  the  Society. 

Standard. — A  term  designating  a  quality  or  qualities  specified. 

Equal  to. — The  use  of  this  term  should  be  avoided  if  possible. 

Pure. — Standard,  without  adulteration. 

Commercially  Pure. — Is  not  defined  and  should  not  be  used  in 
specifications  as  it  involves  the  absence  of  ''standard.'" 

Adulteration. — The  partial  substitution  of  one  substance  for 
another. 

Adulterant. — A  substance  partially  substituted  for  another. 

Bulk. — The  bulk  of  a  pigment  shall  be  considered  as  the  total 
volume  of  the  pigment  and  the  voids,  and  varies  inversely  as 
the  specific  gravity  of  that  volume. 

Voids. — The  space  between  the  particles  of  a  pigment,  even 
though  occupied  by  air  or  by  a  vehicle,  whether  liquid  or  dried. 

Opacity. — The  obstruction  to  the  direct  transmission  of  visible 
light  afforded  by  any  substance — comparison  being  made 
with  sections  of  equal  thickness.  The  opacity  in  the  case  of 
pigments  should  be  considered  as  referable  to  their  opacity  in 
a  vehicle  under  standard  conditions. 

Crystalline. — Having  a  definite  structure  referable  to  one  of  the 
systems  of  crystallography. 

Amorphous. — The  opposite  of  crystalline. 

Paint. — A  mixture  of  pigment  with  vehicle,  intended  to  be  spre-^  ' 
in  thin  coats  for  decoration  or  protection,  or  both. 

Pigment. — The  fine  solid  particles  used  in  the  preparation  of 
paint,  and  substantially  insoluble  in  the  vehicle. 

Vehicle.— Tht  liquid  portion  of  a  paint. 
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Volatile  Thinner. — All  that  portion  of  a  paint,  except  water,  which 
is  volatile  in  a  current  of  steam  at  atmospheric  pressure. 

Non-Volatile  Vehicle. — The  liquid  portion  of  paint,  excepting 
water,  which  is  not  a  volatile  thinner  by  the  above  definition. 

Tinting  Strength. — The  relative  power  of  coloring  a  given  quantity 
of  paint  or  pigment  selected  as  standard  for  comparison. 

Water. — Dissolved  water  or  water  not  definitely  or  chemically 
combined. 

Dry. — Containing  no  uncombined  water. 

Specific  Gravity. — The  relative  weight  of  a  unit  volume  of  a  sub- 
stance compared  with  the  weight  of  the  unit  volume  of  water 
at  defined  temperatures. 

Color. — A  generic  term  including  the  colors  of  the  spectrum,  white 
and  black,  and  all  tints,  shades  and  hues  which  may  be  pro- 
duced by  their  admixture. 

Tint. — A  color  produced  by  the  admixture  of  a  commercial 
coloring  material,  excepting  white,  with  a  white  pigment  or 
paint,  the  white  predominating. 

Drying. — The  solidification  of  a  liquid,  independent  of  change 
in  temperature. 

Respectfully  submitted  on  behalf  of  the  Sub- Committee, 

G.  W.  Thompson, 
Chairman,  Sub-Committee  F. 


REPORT  OF  SUB-COMMITTEE  J  ON  THE  TESTING  OF 
WHITE  PAINTS. 

This  Sub- Committee  begs  to  submit  the  following  report: 
It  was  decided  in  conducting  these  tests  to  limit  them  strictly 
to  white  paints,  not  to  use  any  tints.  The  paints  are  to  be  applied 
on  both  sides  of  yellow  poplar  panels,  8  by  i  by  36  ins.  Three  of 
these  single  pieces  are  to  be  clamped  together,  forming  a  temporary 
surface  24  by  36  ins.  for  the  application  of  the  paint.  The  paint  is 
to  be  applied  at  a  definite  spreading  rate ;  three  coats  with  at  least 
seven  days  time  between  coats  for  drying.  Two  sets  of  these 
panels,  each  consisting  of  three  pieces  painted  on  both  sides,  are 
to  be  used  for  each  test.  These  panels  are  to  be  exposed  in  a 
fence  or  rack  to  be  constructed  as  follows:  Posts  of  locust  or  red 
cedar,  10  ft.  10^  ins.  long  by  approximately  6  ins.  in  diameter, 
planted  in  rough  concrete  2  J  ft.  deep,  10  ft.  6  ins.  in  the  clear 
between  the  posts,  are  to  be  connected  by  three  lines  of  2  by  4-in. 
yellow-pine  stringers.  The  top  stringers  are  to  be  spiked  to  the  top 
of  the  posts ;  the  middle  and  bottom  stringers  are  to  be  notched  in 
and  spiked  with  a  clearance  of  36^  ins.  Two  strips  of  i-in. 
quarter-round  molding  are  to  be  fastened  with  brass  screws  to  the 
upper  surface  of  the  bottom  stringers,  to  the  upper  and  lower  sur- 
face of  the  middle  stringers,  and  to  the  lower  surface  of  the  top 
stringers,  with  a  clearance  of  i  in.  between  parallel  lines  of 
molding.  The  whole  frame  is  to  be  painted  with  three  coats  of 
red  oxide  of  iron  ground  in  linseed  oil.  The  panels  after  having 
been  painted  and  dried  under  cover  are  to  be  placed  in  the  rack 
by  removing  one  of  the  strips  of  molding,  inserting  the  panels, 
and  replacing  the  molding  strip.  This  fence  is  to  be  located  so  as 
to  run  north  and  south. 

The  mixtures  of  pigments  are  designed  on  the  volume  basis; 
that  is,  the  mixtures,  which  are  directly  comparable,  contain  the 
same  relative  volumes  of  different  pigments.  For  purposes  of 
mixing,  however,  it  is  practically  necessary  to  mix  the  pigments  by 
weight;  therefore  in  the  accompanying  list  of  formulas  the  pro- 
portions by  weight  as  well  as  by  volume  are  given.  The  pigments 
are  to  be  mixed  with  raw  oil  to  which  is  to  be  added  a  known 
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quantity  of  lead  and  manganese  as  linonates;  sufficient  oil  is  to  be 
used  to  give  a  standard  viscosity. 

The  Committee  has  received  donations  of  a  sufficient  quantity 
of  the  following  pigments: 

Number.  Pigment. 

loi White  Lead,  Dutch  Process. 

I02 White  Lead,  Carter's  Process. 

103 White  Lead,  Acme  White  Lead  Company. 

104 Zinc  Oxide,  French  Process. 

105 Zinc  Oxide,  American  Process. 

106 Sublimed  Lead. 

107 Zinc  Lead  White. 

108 Silica. 

109 Asbestine. 

110 China  Clay. 

Ill Calcium  Carbonate. 

112 Calcium  Sulphate. 

113 Barytes. 

Since  silica,  asbestine,  China  clay,  calcium  carbonate,  calcium 
sulphate  and  bar}'tes  are  never  used  alone  as  pigments  for  oil 
paints,  the  number  of  single  pigment  paints  is  reduced  to  seven. 

The  following  list  gives  the  mixtures  of  pigments  to  be  tested : 

Number.  Primary  Pigments. 

10 1 White  Lead,  Dutch  Process. 

102 White  Lead,  Carter's  Process 

103 White  Lead,  Acme  White  Lead  Company. 

104 Zinc  Oxide,  French  Process. 

105 Zinc  Oxide,  American  Process. 

106 Sublimed  Lead. 

107 Zinc  Lead  White. 

Binary  Composition.* 
Number.  Percentage  by  Volume.  Percentage 

by  Weight. 

201 White  Lead  80,  Zinc  Oxide  20 83  17 

80,  Sublimed  Lead  20 81  19 

80,  Silica  20 g  I  9 

80,  Asbestine  20 90  10 

80,  China  Clay  20 »j  i  9 

80,  Calcium  Carbonate  20 0 1  9 

80,  Calcium  Sulphate  20 Qi  8 

80,  Barytes  20 S6         14 


202 . 
203. 
304. 
205. 
306. 
307 . 
308. 


♦Uotow  etharwfM  ■p«dA«d,  th*  Btnc  oxtd*  uMd  ■hall  be  Amrni mi  I'mh  cm. 
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Number. 


Binary  Composition. 
Percerrtage  by  Volume. 


{Continued.) 


Percentage 
by  Weight. 


209 White  Lead 

210 

211 

212 " 

213 

214 

215 

216 " 


217 

218 

219 "    " 

220 Zinc  Oxide 

221 "    " 

222 "    " 

223 " 

224 "    " 

225 " 

226 "    " 

227 . 
228. 


.  Subl.  Lead 


229 

230 " 

231 " 

232 " 

233 " 

234 Zinc  Oxide 


Zinc  Oxide  50*   55 

Sublimed  Lead  50 51 

SiUca  50 71 

Asbestine  50 70 

China  Clay  50 71 

Calcium  Carbonate  50 71 

50,  Calcium  Sulphate  50 74 

50,  Barytes  50 61 

60,  Zinc  Oxide  40 64 

60,  Zinc  Oxide  40*   64 

60,  Sublimed  Lead  40 61 

50,  White  Lead  50 45 

50,  Sublimed  Lead  50 46 

50,  Silica  50 67 

50,  Asbestine  50 66 

50,  China  Clay  50 67 

50,  Calcium  Carbonate  50 67 

50,  Calcium  Sulphate  50 70 

50,  Barytes  50 56 

50,  Silica  50 71 

50,  Asbestine  50 69 

50,  China  Clay  50 71 

50,  Calcium  Carbonate  50 71 

50,  Calcium  Sulphate  50 7a 

50,  Barytes  50 60 

60,  White  Lead  40 55 


235 Zinc  Oxide*  60,  White  Lead  40 55 


45 
49 
29 

30 
29 

29 
26 

39 
36 
36 
39 
55 
54 
33 
34 
33 
33 
30 
44 
29 

31 
29 
29 
28 
40 
45 
45 


Number. 


Ternary  Composition. 

Volume. 


Percentage 
by  Weight. 
301 White  Lead  J,  Zinc  Oxide  J,  Sublimed  Lead  ^ 36-29-35 


302, 

303  • 
304- 
305- 
306. 

307- 
308. 

309- 
310. 

311- 
312. 


h 
h 
h 
i. 
J. 
i. 

i. 
h 
h 
h 


i,  Silica  J 45-37-18 

i,  Asbestine  J 44-36-20 

§,  China  Clay  J 45-37-18 

J,  Calcium  Carbonate  J. 45-37-18 
§,  Calcium  Sulphate  J  . .  .46-38-16 

i,  Bartyes  ^ 40-33-27 

\,  Sublimed  Lead  f 53-25-22 

\,  Silica  J 62-25-13 

\,  Asbestine  J 62—25-13 

\,  China  Clay  J 62-25-13 

i,  Calcium  Carbonate  ^.  .62-25-13 


*  French  Zinc  Oxide. 
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Tern. 

^RY  Composition 

Number. 

Volume. 

313 

.White  Lead  i,  Zinc 

Oxide  J, 

314 

"           " 

\, 

"      ii 

315 

"           " 

X        " 

"      k 

316 

"           " 

\t 

"          it 

317 

"           " 

\, 

"          h 

318 

"           " 

i.    " 

**         X 

319 

i<           •• 

X        " 

"         h 

320 

"           " 

X        " 

"       i 

321 

"           " 

\, 

"       A 

322 

"           " 

\< 

"       i 

323 

i<           11 

X        " 

"       i 

324 

"           " 

i,     " 

"       i 

325 

"           " 

i. 

"       i 

326 

"           " 

ii 

"       i 

327 

"           " 

i.    " 

"       i 

328 

"           " 

X        " 

"       i 

329 

Subl.  Lead 

§,  Zinc  Oxide  J, 

330 

"           " 

l«     " 

"       h 

33» 

"           " 

i> 

"       ^ 

332 

"           " 

ii 

"       h 

333 

44           44 

if    " 

*'       \ 

334 

44           44 

ii    " 

"       \ 

335 

"           " 

X      " 

"      i 

336 

"           " 

h> 

"        i 

337 

"           " 

X        " 

"        i 

338 

"           " 

i.    " 

"        i 

339 

41                              14 

h>     " 

"       i 

340 

i. 

**          X 

341. 

" 

X        " 

"       \ 

34a. 

i> 

"        i 

343  • 

X        " 

"        i 

344. 

*' 

X 

"        X 

345- 

"        h 

346.. 

"        i 

347 

White  Lead  i,  Subl. 

Lead  i, 

348 

•  1           «t 

*.  " 

**            1 

349 

.<           II 

I   •• 

1 

350. 

I   ■■ 

35»- 

I   '• 

"            \ 

3Sa. 

' ' 

\.    •• 

1 

3S3- 

i.     " 

X 

354 

1 

355 

J. 

356 

i. 

"       i 

{Contimied.) 

Percentage 

by  Weight. 

,  Calcium  Sulphate  J. .  .63-26—11 

,  Barytes  \ 58-23—19 

,  Sublimed  Lead  \ 28-45-27 

.  Silica  i 33-54-13 

,  Asbestine  i 33-54-13 

,  China  Clay  \ 33-54-13 

,  Calcium  Carbonate  i-33— 54— 13 
Calcium  Sulphate  \  . ..  33—55—12 

Barytes  \ 30-50-20 

Sublimed  Lead  } 2  7-2  2-5 1 

Silica  J 38-31-31 

,  Asbestine  ^ 38-3 1-31 

China  Clay  \ 38-31-31 

Calcium  Carbonate  i -38-31-31 
Calcium  Sulphate  h . .. 40-3 2—28 

Bartytes  J 32-26—42 

Silica  i 44-37-19 

Asbestine  J 44-37—19 

China  Clay  J 44-37-19 

,  Calcium  Carbonate  J. 44-3 7— 19 
Calcium  Sulphate  J..  .45-39—16 

Barytes  J 39-34-2? 

Silica  J 61-26-13 

Asbestine  \ 61-26-13 

China  Clay  \ 61-26-13 

Calcium  Carbonate  \.  .61-26-13 
Calcium  Sulphate  \  ..  .  62-36-12 

Barytes  J 56-24-20 

Silica  i 32-54-14 

Asbestine  J 32-54-14 

China  Clay  \ 32-54-14 

Calcium  Carbonate  \.  .32-54-14 
Calcium  Sulphate  i-- 33-55-12 

Barytes  J 29-50-2  z 

Silica  J 42-40-18 

Asbestine  J 42-40-18 

China  Clay  J 42-40-18 

C.ilcium  Carbonate  §.  .42-40-18 
Calcium  Sulphate  i  . .  .43-41-16 

Barytes  J 38-36-26 

Silica  \  .        60-2  8-1  a 

Asbestine  J 60-28-12 

China  Clay  J 60-28-12 

Calcium  Carlionatc  \  . .  60-28-1  a 
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Number. 


Ternary  Composition. 
Volume. 


{Continued.) 

Percentage 
by  Weight. 
357 White  Lead  i,  Subl.  Lead  \,  Calcium  Sulphate  {..  .60-29-11 


358. 
359- 
360. 
361 
362  . 

3(>3 
364. 
365. 
366. 

367  ■ 
368. 

369- 
370  • 


i,  Barytes  J 55-27-18 

^,  Silica  J 30-58-12 

J,  Asbestine  \ 30—5  8-12 

^,  China  Clay  J 30-58-12 

it,  Calcium  Carbonate  J. .30-58-12 
^,  Calcium  Sulphate  J . .  .  30-58-1 2 

k,  Barytes  { 28-52-20 

\,  Silica  A 36—35-29 

J,  Asbestine  ^ 36-35-29 

i,  China  Clay  i 36-35-29 

\,  Calcium  Carbonate  ^.-36-35-29 
i,  Calcium  Sulphate  J..  .38-36-26 
J,  Barytes  k 30— J9-41 


Quaternary  Composition. 


401.              Volume.  Weight. 

White  Lead {  31 

Zinc  Oxide \  25 

Subl.  Lead \  30 

Silica i  14 

402  Volume.  Weight. 

White  Lead J  31 

Zinc  Oxide i  25 

Subl.  Lead ^  30 

Asbestine. i  14 

403  Volume.  Weight. 

White  Lead \  31 

Zinc  Oxide \  25 

Subl.  Lead J  30 

China  Clay \  14 


404  Volume. 

White  Lead \ 

Zinc  Oxide \ 

Subl.  Lead I 

Calc.  Carb J 


Weight 

31 
25 
30 
14 


31 
26 

31 


405  Volume.  Weight 

White  Lead J 

Zinc  Oxide J 

Subl.  Lead \ 

Calc.  Sulph {  12 

406  Volume.  Weight. 

White  Lead J  29 

Zinc  Oxide \  24 

Subl.  Lead \  28 

Barytes \  19 


The  Committee  has  received  as  donations  sufficient  linseed 
oil  for  grinding  these  pigments  and  cans  for  keeping  them.  The 
paints  are  being  ground  in  the  laborator}-  of  Pratt  Institute  of 
Brooklyn  under  the  direction  of  Professor  Rogers.  0£fers  have 
been  made  by  two  railroads  to  have  the  paints  applied  in  their 
shops. 

Respectfully  submitted  on  behalf  of  the  Sub-Committee, 

P.  H.  Walker, 
Chairman,  Sub-Committee  J. 


DISCUSSION 


Mr.  Rinaid.  Mr.  CD.  RiNALD. — Every  year  thus  far  our  Committee 

on  Preservative  Coatings  has  presented  us  with  one  or  more 
sub-committees.  Their  actixity  serves  to  render  its  reports 
more  valuable  and,  it  must  be  admitted,  harder  to  digest,  because 
more  complicated. 

This  year  I  have  been  pleasantly  surprised  by  the  arrival 
of  a  Sub-Committee  on  Vehicles.  Too  much  exclusive  attention 
has  been  given  thus  far  to  pigments,  the  solid  constituents  of 
paint.  True,  they  offer  a  tangible  hold  to  the  chemist  for  con- 
clusions based  on  analysis  and  on  those  ingenious  tests  described 
in  our  previous  Proceedings.  When  we  turn  to  the  liquid  constit- 
uents of  paint,  the  so-called  vehicle,  which  often  consists  of  a 
mixture  of  various  liquids  and  solutions,  chemistry  is  not  equally 
available. 

Without  any  desire  to  criticise,  or  even  discuss,  the  sub- 
stance of  to-day's  report  on  vehicles,  I  simply  want  to  suggest 
that  such  tests  will  prove  more  useful  if  conducted  along  physical, 
perhaps  even  empirical,  rather  than  chemical  lines.  Paint 
makers  will  understand  me,  because  it  is  by  such  tests  that 
they  have  years  ago  found  uses  for  such  unorthodox  oils  as  coal 
oil,  corn  oil,  cottonseed  oil,  tung  oil,  fish  oil,  etc.  All  these 
oils,  if  judiciously  used,  perform  important  functions  and  lead 
to  results  which  cannot  be  obtained  otherwise.  I  think  I  can 
make  this  clear  to  all  of  you  who  are  paint  users,  by  reminding 
you  of  the  saponifying  and  oxidizing  action  of  red  lead  upon 
linseed  oil,  as  shown  by  their  mixture  hardening  in  the  can  over 
night.  The  practice  formerly  was  to  mix  only  enough  of 
both  each  morning  to  last  during  the  day.  Now  you  buy 
your  red  lead  paint  ready  mixed  in  barrels,  and  your  chemists 
find  that  it  answers  their  tests  for  pure  red  lead  and  pure  linseed 
oil.  I  have  also  been  assured  that  it  gives  no  trouble  from 
settling. — i.  e.,  hard  sediment  does  not  form  in  the  bottom  of  the 
barreU,— and  that  it  dries  as  hard  and  protects  as  much  as  here- 
tofore.   This  shows  luuv  important  physical  advantages  may  be 
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obtained  by  the  judicious  admixture  of  oils,  which  conform  to  Mr.  Rinaid. 

none  of  the  rules  laid  down  by  the  chemist,  who  quite  correctly 

finds  each  single  one  of  them  unfit  to  act  as  a  paint  oil.     All  of 

which  seems  to  me  to  indicate  that  it  would  be  most  important 

to  study  the  action  of  various  oils  and  solutions  upon  each  other 

when  combined  into  a  vehicle,  and  the  reactions  between  the 

latter  and  the  pigment  in  the  paint.     I  have  spent  a  good  deal 

of  time  examining  the  paint  fence  at  Ventnor  and  I  am  not  the 

only  one  here  who  thinks  that  some  of  those  pigments  which 

theoretically  are  "inhibitors"  show  up  worse  than  others  termed 

"accelerators."     All  of  them  were  ground  alike  in  linseed  oil. 

I  should  like  to  have  our  Committee  on  Preservative  Coatings, 

in  future  tests,  consider  the  inclusion  of  pigments  ground  in 

vehicles  specially  prepared  for  them,  such  as  the  Sub-Committees 

on  Varnish  and  on  Vehicles  ought  to  be  able  to  suggest. 


REPORT   OF  COMMITTEE   D-4  ON 
STANDARD   TESTS   FOR   ROAD   MATERIALS. 

During  the  past  year  the  Committee  on  Standard  Tests  for 
Road  Materials  has  worked  along  the  lines  planned  at  the  last 
annual  meeting,  which  were  described  in  its  report  for  19 10.  A 
number  of  special  sub-committees  on  bituminous  paving  materials 
have  done  valuable  work  in  investigating  existing  methods  and 
devising  new  methods  for  the  examination  of  such  materials.  The 
reports  of  these  sub-committees  have  been  considered  by  the 
Committee,  which  is  now  prepared  to  recommend  the  following 
four  methods  for  adoption  by  the  Society  as  provisional : 

(i)  Proposed  Provisional  Method  for  the  Determination  of 
Soluble  Bitumen. 

(2)  Proposed  Provisional  Method  for  the  Determination  of  the 

Penetration  of  Bitumen. 

(3)  Proposed  Provisional  Method  for  the  Determination  of  the 

Loss  on  Heating  of  Oil  and  Asphaltic  Compounds. 

(4)  Proposed  Provisional  Method  of  Sizing  and  Separating  the 

Aggregate  in  Asphalt  Paving  Mixtures. 

The  Committee,  in  presenting  the  proposed  Provisional  Method 
for  the  Determination  of  Soluble  Bitumen,  wish  it  understood  that 
they  do  not  recommend  it  as  the  best  for  general  use,  as  it  is  longer 
and  in  many  cases  gives  no  better  results  than  other  more  expedi- 
tious methods,  but  only  as  a  method  to  be  resorted  to  in  case  of 
dispute,  as  it  seems  to  have  the  widest  range  of  aj)])licability  of  any 
of  the  methods  considered.  Moreover,  they  wish  it  to  be  under- 
stood that  with  some  classes  of  materials  the  method  will  show  a 
lower  percentage  of  soluble  bitumen  than  many  of  the  shorter 
methods. 

The  Committee  also  wish  to  state  that  no  great  degree  of  refme- 
mcnt  is  to  be  expected  from  the  proposed  Provisional  Method  for 
the  Determination  of  the  Loss  on  Heating  of  Oil  and  Asphaltic 
Compounds,  owing  to  the  fact  that  no  absolutely  satisfactory 
standard  oven  has  yet  been  found.    This  matter  will  be  given 

(a3») 
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careful  attention  during  the  coming  year,  and  it  is  hoped  that  an 
oven  will  be  found  or  developed  which  will  be  an  improvement 
over  the  one  at  present  recommended. 

The  proposed  provisional  methods  above  mentioned  are 
appended  to  this  report. 

While  a  number  of  the  special  sub-committees  do  not  feel 
justified,  from  their  work  during  the  past  year,  in  recommending 
methods  of  testing  for  adoption  as  standard,  the  results  obtained 
by  the  Sub-Committee  on  Distillation  are  considered  of  such  value 
that  they  are  appended  to  this  report  in  the  form  in  which  they 
were  submitted  to  the  Committee. 

Respectfully  submitted  on  behalf  of  the  Committee, 

L.  W.  Page, 

Chairman. 
Pr6vost  Hubbard, 

Secretary. 

Note. — ^The  four  Proposed  Provisional  Methods  referred  to 
above  were  adopted  by  letter  ballot  of  the  Society  on  August  21. 
191 1,  and  follow  this  report  (pages  245-249). — Ed. 


APPEN^DIX. 

REPORT    OF    SUB-COMMITTEE    ON    DISTILLATION. 

The  Sub- Committee  on  Distillation  begs  to  report  as  follows: 
The  work  consisted  in  distilling  three  standard  samples  by 
four  methods.  The  properties  of  these  samples,  as  determined  in 
the  three  laboratories  which  made  the  tests,  are  given  in  Table  I. 
The  detailed  results  are  given  in  Tables  II,  III  and  IV,  and 
a  summar\'  of  the  averages  of  the  fractions  expressed  as  percentage 
by  weight   in  Table   V.    Table  VI   shows  the   slight  effect  of 

Table  I. — Properties  of  Three   Standard  Samples. 


1 

Laboratory. 

Analyst. 

Si>ecific  Gravity, 
25''/25''  C. 

Free  Carbon, 
per  cent. 

No.  9 

No.  16 

No.  18 

No.  9 

No.  15 

No.  18 

A 
B 
C 

(Office      of      Public 

<  Roads,    Waahing- 
(.     ton.  D.  C 

Barrett  Manufactur- 

<  ing  Company,  Bos- 
ton, Man 

(  United  Gas  Improve- 
ment     Company, 
I      Philadelphia,  Pa. . 

I  P.  Hubbard  .... 
I  P.  P.  Sharpies  .. 
iw.  H.  Fulweiler 

0.9110 
0.9120 
0.9177 

1.1110 
1.1137 
1.1165 

1.2110 
1.2048 
1.2090 

0.19 
0.43 
0.22 

0.91 
1.22 
1.90 

18.79 
17.01 
19.80 

variations  in  the  dimensions  of  an  Engler  flask  on  the  results. 
Table  VII  gives  a  comparison  of  the  si)ccitications  for  the  thermom- 
eters that  were  used  by  the  different  members  of  the  Committee. 
Fig.  1  shows  the  apj^aratus  set  up  for  the  distillation  test,  and 
gives  the  detailed  dimensions. 

The  Committee  did  not  feel  warranted  from  the  work  done  so 
far  in  recommending  the  adojjtion  as  standard  of  any  of  the 
methods  used,  but  felt  that  the  close  agreement  by  the  three 
laboratories  with  the  method  using  the  250-cc.  Engler  flask,  which 
was  tentatively  proposed  last  year,  warranted  its  serious  consider- 
ation and  further  study  as  a  possible  standard. 

The  i)ossibility  of  securing  in  this  country  flasks  of  specified 
dimeniions,  the  slight  effect  of  variations  in  size  of  flasks  on  the 
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results,  and  the  quickness  and  general  ease  in  operation  of  this 
method,  seemed  very  promising.  The  precise  dimensions  of  the 
flask,  such  as  bulb  capacity,  height  of  take-ofl,  size  of  neck,  etc., 
should  be  studied  further. 

The  question  of  the  thermometer  seems  exceedingly  important, 
and  while  the  thermometer  specified  last  year  has  given  satisfactory 
results,  further  study  of  this  question  is  felt  to  be  desirable.  The 
Committee,  howevei,  suggests  changing  from  a  nitrogen-filled 
to  a  carbon-dioxide-filled  thermometer. 

The  calibration  of  the  thermometer  was  not  specified  before, 


Table  VII. — Comparison  of  Thermometer  Specifications. 

Office  of  Barrett  United  Gas 

Public  Roads.  Mfg.  Co.  Improvement  Co. 

Filled  under  pressure  with      Nitrogen  Nitrogen  Nitrogen 

Expansion  chamber    . .           At  top  At  top  At  top 

Graduated  in  degrees  to          400°  C.  400°  C.  450°  C. 

Accuracy  required  ...            J°  C.  \°  C.  J"  C. 

Immersion ...  3  ins.  .... 

Total  length  430  mm.  370  mm.  335  to  350  mm. 

„     ,     ,         ,  (  36^. s  mm.         f  267  mm.,      (  2815  to  ^oo  mm. 

Scale  length 1  o\  on   \     o  [  o    1     o  *  o  r- 

"  (  — 23  to 400  C.  (  0°  to  400°     (  o    to  450    C. 

Diameter  of  stem.  ...        7.2  to  7.4  mm.      7.8  mm.  f>-75  to  7   25  mm. 

Length  of  bulb 30.  2  mm.        1 1 .  i  mm.         20  to  22  mm. 

Diameter  of  bulb ...  .       5. 7  to  6. 7  mm.      6.35  mm.        5  .  25  to  6.  50  mm. 

SensibiUty |  'S**  to    95'   in  |  80°  in  from  f  ,5°   to   95°     in 

(  from  3  to  5  sec.  (  3  to  5  sec.      (  from  3  to  5  sec. 


and  the  best  method  at  present  appears  to  be  to  calibrate  the 
thermometer  with  the  immersion  and  in  the  position  in  which  it 
is  to  be  used.  The  thermometer  is  tested  by  using  water,  naph- 
thalene and  dimethylamine  and  comj)aring  with  a  standard 
thermometer.  For  check  calibration  the  ice  and  steam  points 
alone  arc  necessarv',  since  any  change  in  the  calibration  seems  to 
apply  linearly  throughout  the  scale.  The  Committee  suggests 
checking  new  thermometers  after  cverv'  third  analysis  until  they 
become  seasoned. 

With  the  three  sam|)Ies  examined,  considerable  decomposition 
was  apparent  above  300°  C.  and  since  it  is  felt  that  no  accurate 
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results  arc  j)ossiblc  under  such  circumstances,  it  is  therefore  sug- 
gested to  stop  the  distillation  at  300°  C. 

Many  crude,  and  occasionally  some  refmed  materials  are 
found  to  contain  water,  which  seriously  affects  the  accuracy  of  the 
first  fractions  in  a  distillation.  No  easy  method  of  dehydration 
seems  possible,  so  the  Committee  suggests  that  the  method  given 
in  Section  2  of  the  Tentative  Method  for  Distillation  accompany- 
ing this  report  be  used. 

The  Committee  wishes  to  call  attention  to  the  fact  that  some 
materials  have  a  tendency  to  stratify  on  standing,  and  suggests 
that  all  samples  be  carefully  and  thoroughly  stirred  before  taking  a 
portion  for  analysis. 

The  Committee  would  suggest  that  the  determination  of  the 
specific  gravity  of  bitumens  is  not  so  simple  as  it  appears,  and 
believes  that  a  standard  method  should  be  recommended  by  the 
Society. 

Embodying  the  above  points,  the  Committee  suggests  the 
following  tentative  method  for  the  distillation  of  bituminous 
materials  suitable  for  road  treatment. 

TENTATIVE  METHOD  FOR  THE  DISTILLATION  OF  BITUMI- 
NOUS MATERIALS  SUITABLE  FOR  ROAD  TREATMENT 

1.  Sampling. — The  sample  as  received  shall  be  thoroughly 
stirred  and  agitated,  warming,  if  necessan,  to  insure  a  complete 
mixture  before  the  portion  for  analysis  is  removed. 

2.  Dehydration. — If  the  presence  of  water  is  suspected,  or 
known,  the  material  shall  be  dehydrated  before  distillation. 
About  500  cc.  of  the  material  is  placed  in  an  800-cc.  copper  still 
provided  with  a  distilling  head  connected  with  a  water-cooled  con- 
denser. A  ring  burner  is  used,  starting  with  a  small  flame  at  the 
top  of  the  still,  and  gradually  lowering  it,  if  necessary,  until  all  the 
water  has  been  driven  off.  The  distillate  is  collected  in  a  200-cc. 
separatory  funnel  with  the  tube  cut  off  close  to  the  stopcock. 
When  all  the  water  has  been  driven  over  and  the  distillate  has 
settled  out,  the  water  is  drawn  off  and  the  oils  returned  to  the 
residue  in  the  still.  The  contents  of  the  still  shall  have  cooled  to 
below  100°  C.  before  the  oils  are  returned,  and  they  shall  be  well 
stirred  and  mixed  with  the  residue. 
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3.  Apparatus. — The  apparatus  shall  consist  of  the  following 
standard  parts: 

(a)  Flask. — The  distillation  flask  shall  be  a  250-cc.  Engler 
distilling  flask,  having  the  following  dimensions : 

Diameter  of  bulb   8.0  cm. 

Length  of  neck iS-o 

Diameter  of  neck 1.7 

Surface  of  material  to  lower  side  of  tubulature  . .  1 1 .  o 

Length  of  tubulature 150 

Diameter  of  tubulature 0.9 

Angle  of  tubulature 75" 

A  variation  of  3  per  cent,  from  the  above  measurements  will  be 
allowed. 

(b)  Thermometer. — ^The  thermometer  shall  be  of  hardened 
glass,  filled  with  carbon  dioxide  under  pressure  and  provided  with 
an  expansion  chamber  at  the  top;  it  shall  read  to  450°  C,  and  shall 
be  graduated  in  single  degrees  Centigrade,  and  shall  have  the 
following  dimensions: 

Diameter  of  stem 6.  75  to       7.25  mm. 

Length  of  thermometer 335         "  350           " 

Length  from  o*  to  450°  marks 285         "  300           " 

Length  of  bulb 20         "     22           " 

Diameter  of  bulb 5.25"       6.  50     " 

It  shall  rise  from  15°  to  95*  in  not  less  than  3  seconds  or  more 
than  5  seconds  when  plunged  into  boiling  water. 

The  thermometer  shall  be  set  up  as  for  the  distillation  test, 
using  water,  naphthalene  and  dimethylamine  as  distilling  liquids. 
The  correctness  of  the  thermometer  shall  be  checked  at  0°  C.  and 
100°  C.  after  each  third  distillation  until  seasoned. 

(c)  Condenser. — The  condenser  tube  shall  have  the  following 
dimensions: 

Length  of  tube 500  mm. 

Width  of  tube 1 2  to  1 5     " 

Width  of  adaptor  end  of  tube --o  "   25     " 

(d)  Stands. — ^Two  iron  stands  shall  be  provided,  one  with  a 
universal  clamp  for  holding  the  condenser,  and  one  with  a  light 
grip  arm  with  a  cork-Iincd  clamp  for  holding  the  flask. 
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(e)  Burner  and  Shield. — A  Bunscn  burner  shall  be  provided 
with  a  tin  shield  20  cm.  long  by  9  cm.  in  diameter.  The  shield 
shall  have  a  small  hole  for  observing  the  llame. 

(/)  Cylinders. — The  cylinders  used  in  collecting  the  distillate 
shall  have  a  capacity  of  25  cc,  and  shall  be  graduated  in  tenths  of  a 
cubic  centimeter. 

4.  Selling  up  Ihe  Apparatus. — The  apparatus  shall  be  set  up 
as  shown  in  Fig.  i,  the  thermometer  being  placed  so  that  the  top 
of  the  bulb  is  opposite  the  middle  of  the  tubulature.  All  connec- 
tions should  be  tight. 

5.  Method. — One  hundred  cubic  centimeters  of  the  dehy- 
drated material  to  be  tested  shall  be  placed  in  a  tared  llask  and 
weighed.  After  adjusting  the  thermometer,  shield,  condenser,  etc., 
the  distillation  is  commenced,  the  rate  being  so  regulated  that  i  cc. 
passes  over  ever)-  minute.  The  receiver  is  changed  as  the  mercury 
column  just  passes  the  fractionating  point. 

The  following  fractions  should  be  reported : 


Start  of 
Distillation 

}.„ 

iio°C. 

no°C. 

" 

i7o°C. 

170°  C. 

" 

-^35°  C. 

235"  C. 

" 

270°  C. 

270°  C. 

" 

300°  c. 

Residue. 

To  determine  the  amount  of  residue,  the  flask  is  weighed  again 
when  distillation  is  complete.  During  the  distillation  the  con- 
denser tube  shall  be  warmed  when  necessary  to  prevent  the  deposi- 
tion of  any  sublimate.  The  percentages  of  fractions  should  be 
reported  both  by  weight  and  by  volume. 

Respectfully  submitted  on  behalf  of  the  Sub-Committee, 

W.  H.  FuLWEiLER,  Chairman. 


AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,  PA.,  U.  S.  A. 

AFFILIATED     WITH     THE 

International  Association  for  Testing  Materials. 


PROVISIONAL  METHOD  FOR  THE  DETERAHNATION 
OF  SOLUBLE  BITUMEN.  * 

Adopted  August   21,   1911, 

Drying  the  Sample  and  Preparing  it  for  Analysis. — It  was 
decided,  owing  to  the  great  variety  of  conditions  met  with  in  bitu- 
minous compounds,  that  it  is  impossible  to  specify  any  one  method 
of  drying  that  would  be  satisfactory  in  every  case.  It  is  therefore 
supposed  that  the  material  for  analysis  has  been  previously  dried 
either  in  the  laboratory  or  in  the  process  of  retining  or  manufacture, 
and  that  water,  if  present,  exists  only  as  moisture  in  the  hydro- 
scopic form. 

The  material  to  be  analyzed,  if  hard  and  brittle,  is  ground 
and  spread  in  a  thin  layer  in  a  suitable  dish  (iron  or  nickel  will 
answer  every  purpose)  and  kept  at  a  temperature  of  125°  C.  for 
one  hour.  In  the  case  of  paving  mixtures  and  road  materials, 
where  it  is  not  desirable  to  crush  the  rock  or  sand  grains,  a  lump 
may  be  placed  in  the  drying  oven  until  it  is  thoroughly  heated 
through,  when  it  can  be  crushed  down  into  a  thin  layer  and  dried 
as  above.  If  the  material  under  examination  contains  any  hydro- 
carbons at  all  \olatile  at  this  temperature,  it  will  of  course  be 

*  The  Committee,  in  presenting  the  Provisional  Method  for  the  Determination  of 
Soluble  Bitumen,  wish  it  understood  that  they  do  not  recommend  it  as  the  best  for 
general  use,  as  it  is  longer  and  in  many  cases  gives  no  better  results  than  other  more  ex- 
peditious methods,  but  only  as  a  method  to  be  resorted  to  in  case  of  dispute,  as  it  seems  to  have 
the  widest  range  of  applicability  of  any  of  the  methods  c(jnsidered.  Moreover,  they  wish 
it  to  be  understood  that  %vith  some  classes  of  materials  the  method  will  ^Vi<iw  a  lowei 
percentage  of  soluble  bitumen  than  many  of  the  shorter  methods. 

(-M5) 
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necessan-  to  resort  to  other  means  of  drj^ing.  Tar  or  oils  may  be 
dehydrated  by  distillation  and  the  water- free  distillate  returned  to 
the  residue  and  thoroughly  incorporated  with  it. 

Analysis  0}  Sample. — After  drying,  from  2  to  15  grams  (as 
may  be  necessary  to  insure  the  presence  of  i  to  2  grams  of  pure 
bitumen)  is  weighed  into  a  150-cc.  tared  Erlenmeyer  flask,  and 
treated  with  100  cc.  of  carbon  disulphide.  The  flask  is  then 
loosely  corked  and  shaken  from  time  to  time  until  all  large  particles 
of  the  material  have  been  broken  up.  It  is  then  set  aside  for 
48  hours  to  settle.  The  solution  is  decanted  into  a  similar  flask 
that  has  been  previously  weighed.  As  much  of  the  solvent  is 
poured  off  as  possible  without  disturbing  the  residue.  The  con- 
tents of  the  first  flask  are  again  treated  with  fresh  carbon  disul- 
phide, shaken  as  before,  and  then  put  away  with  the  second  flask 
for  48  hours  to  settle. 

The  liquid  in  the  second  flask  is  then  carefully  decanted  upon 
a  weighed  Gooch  crucible,  3.2  cm.  in  diameter  at  the  bottom, 
fitted  with  an  asbestos  filter,  and  the  contents  of  the  first  flask  are 
similarly  treated.  The  asbestos  filter  is  made  of  ignited  long- 
fiber  amphibole,  packed  in  the  bottom  of  a  Gooch  ^crucible  to  the 
depth  of  not  over  I  in.  In  filtering  no  vacuum  is  to  be  used  and 
the  temperature  is  to  be  kept  between  20°  and  25°  C.  After 
passing  the  liquid  contents  of  both  flasks  through  the  filter,  the 
residue  on  the  filter  is  thoroughly  washed  and  the  residues  remain- 
ing in  them  are  shaken  with  more  fresh  carbon  disulphide  and 
allowed  to  settle  for  24  hours,  or  until  it  is  seen  that  a  good  subsi- 
dation  has  taken  place.  The  solvent  in  both  flasks  is  then  again 
decanted  through  the  filter  and  the  residues  remaining  in  them  are 
washed  until  the  washings  are  practically  colorless.  All  washings 
arc  to  be  passed  through  the  Gooch  crucible. 

The  crucible  and  both  flasks  are  then  dried  at  125°  C.  and 
weighed.  The  filtrate  containing  the  bitumen  is  evaporated,  the 
bituminous  residue  l)urned,  and  the  weight  of  the  ash  thus  obtained 
added  to  that  of  the  residue  in  the  two  flasks  and  the  crucible. 
The  sum  of  these  weights  deducted  from  the  weight  of  substance 
taken  gives  the  weight  of  soluble  bitumen. 


AMERICAN  SOCIETY  FOR  TESTING   MATERIALS 

PHILADELPHIA    PA.,  U.  S.  A. 

AFFILIATED    WITH    THE 

International  Association  for  Testing  Materials. 


PROVISIONAL   METHOD   FOR  THE  DETERMINA- 
TION OF  THE  PENETRATION  OF  BITUMEN. 

Adopted  August   21,  191 1. 

The  penetration  of  bitumen  shall  be  the  distance  expressed 
in  hundredths  of  a  centimeter  that  a  No.  2  needle  will  pentrate  into 
it  vertically  without  friction  at  25°  C.  under  a  stated  weight  applied 
for  a  stated  length  of  time,  the  factors  of  weight  and  time  being 
determined  as  follows: 

The  material  shall  first  be  tested  for  five  seconds  under  a 
weight  of  100  grams.  If  this  result  is  less  than  10,  the  penetration 
shall  be  determined  under  a  weight  of  2co  grams  applied  for  one 
minute;  if  between  10  and  300,  the  penetration  shall  be  determined 
under  a  weight  of  100  grams  applied  for  5  seconds;  if  greater  than 
300,  the  penetration  shall  be  determined  under  a  weight  of  50  grams 
applied  for  5  seconds.  In  ever)-  case  the  factor  of  weight  and  time 
shall  be  stated  when  reporting  the  penetration,  and  whenever 
possible  to  obtain  both  readings,  the  penetration  under  a  100-gram 
weight  for  5  seconds  and  under  the  modified  weight  and  time  shall 
both  be  reported.  When  testing  material  softer  than  100  pe-etra- 
tion,  a  containing  receptacle  not  less  than  i^  ins.  in  diameter  shall 
be  used. 

It  is  recommended  that  the  penetration  may  be  determined 
at  0°  C.  (32°  F.)  and  46°  C.  (ii4°.8  F.),  in  addition  to  the  25°  C 
(77°  F.)  test. 
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PROVISIONAL  METHOD  FOR  THE  DETERMINATION 

OF  THE  LOSS  ON  HEATING  OF  OIL  AND 

ASPHALTIC  COMPOUNDS. 

Adopted  August   21,   191 1. 

The  loss  on  heating  of  oil  and  asphaltic  compounds  shall  be 
determined  in  the  following  manner:  Twenty  grams  of  the  water- 
free  material  shall  be  placed  in  a  circular  tin  box  with  vertical 
sides,  measuring  about  2  cm.  in  depth  by  6  cm.  in  diameter,  internal 
measurement.  The  penetration  of  the  material  to  be  examined 
shall,  if  possible,  be  determined  at  25°  C.  and  the  exact  weight  of 
the  sample  ascertained.  The  sample  in  the  tin  box  shall  then  be 
placed  in  a  hot-air  oven  (New  York  Testing  Laboratory  oven  with- 
out fan),  heated  to  163°  C.  (325°  F.)  and  kept  at  this  temperature 
for  5  hours.  At  no  time  shall  the  temjierature  of  this  oven  vary 
more  than  2°  C.  from  163.°  C.  When  the  sample  is  cooled  to 
normal  temperature,  it  shall  be  weighed  and  the  percentage  of 
loss  by  volatilization  rcj)()rted.  The  ])cnctration  of  the  residue 
shall  then,  if  possible,  be  determined  at  25°  C.  as  upon  the  original 
material,  and  the  loss  in  penetration  found  by  subtracting  this 
penetration  from  the  penetration  before  heating.  In  preparing 
the  residue  for  the  penetration  test  it  shall  first  be  heated  and 
thoroughly  stirred  while  cooling. 
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PROVISIONAL  METHOD  OF  SIZING  AND  SEPA- 
RATING THE  AGGREGATE  IN  ASPHALT 
PAVING  MIXTURES. 

Adopted  August   21,   191 1. 

The  method  consists  of  passing  the  mineral  aggregate  through 
several  sieves  of  the  following  sizes  in  the  order  named : 

Meshes  per  linear  Diameter  of  Wire, 

inch  (  =  2.54  cm.)  Ins.  Mm. 

200 0.00235  0.05969 

100 0.0045  0.1x43 

80 0.00575  0.1460 

50 0.009  0.22865 

40 0.01025  0.26035 

30 001375  0.34925 

20 0.0165  0.4191 

10 0.027  0.6858 


(249) 


REPORT  OF  COMMITTEE  D-5  ON 
STANDARD  SPECIFICATIONS  FOR  COAL. 

While  not  yet  prepared  to  present  a  final  report,  the  Com- 
mittee on  Standard  Specifications  for  Coal  has,  during  the  year, 
made  decided  progress  toward  the  accomplishment  of  this  purpose. 
The  different  sections  of  the  Committee  have  brought  together  a 
large  amount  of  data  having  an  important  bearing  upon  this  sub- 
ject, and  a  number  of  investigations  have  been  conducted  with  this 
same  purpose  in  view.  More  than  one  thousand  samples  have  been 
collected  from  representative  beds  of  coal  in  different  parts  of  the 
country,  and  chemical  analyses  have  been  made  of  these  samples 
with  a  view  of  determining  not  only  their  proximate  and  ultimate 
analyses,  but  the  nature  of  the  ash  and  volatile  matter  in  these 
coals,  and  the  extent  to  which  the  slagging  of  the  ash  and  the 
behavior  of  the  volatile  matter  may  render  necessary  the  con- 
sideration of  these  two  factors  in  the  preparation  and  use  of  any 
specification. 

A  number  of  experiments  have  been  conducted  to  determine 
which  of  the  different  methods  of  collecting  samples  of  coal  would 
yield  the  most  nearly  accurate  results;  and  while  considerable 
progress  has  been  made  in  this  respect,  it  is  nevertheless  realized 
that  the  collection  of  reliable  samples  is  still  the  most  difficult 
of  satisfactory  accomplishment  of  any  of  the  factors  in  the 
establishment  of  a  reliable  specification. 

Additional  information  is  being  collected  continually,  and  all 
the  new  information  is  being  tabulated  so  that  it  can  be  turned 
over  to  the  various  sections  of  the  Committee,  in  the  hope  that 
this  matter  can  be  thoroughly  considered  by  each  of  the  sub- 
committees, and  the  reports  of  the  sub-committees,  made  at  an 
early  date,  be  turned  over  to  the  general  committee  for  consider- 
ation and  rej)ort  to  the  Society  at  its  next  annual  meeting. 

A  brief  report  on  the  fuel  investigations  of  the  Bureau  of 
Mines,  by  Mr.  A.  W.  Bcldcn,  is  appended  hereto. 

Respectfully  submitted  on  behalf  of  the  Committee, 

J.  A.  Holmes, 
Cfuiirman. 
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APPENDIX. 

REPORT  ON  THE  FUEL  INVESTIGATIONS  OF  THE 
BUREAU  OF  MINES. 

The  fuel  work^of  the  Bureau  of  Mines  may  be  divided  into 
three  general  classes:  (i)  coal  inspection  work,  (2)  laboratory 
investigations,  and  (3)  tests  on  commercial  equipment. 

Coal  Inspection  Work.— A  large  percentage  of  the  coal  used 
by  the  different  departments  of  the  Government  is  now  purchased 
on  a  specification  basis.  The  Bureau  has,  this  year,  sampled, 
analyzed  and  reported  on  over  1,000,000  tons  of  coal  of  all 
kinds,  valued  at  $3,200,000;  the  work  of  the  laboratories  is 
represented  by  more  than  8,700  samples.  The  cost  of  this  work, 
per  sample,  is  about  $1.54,  equivalent  to  1.33  cents  per  ton  or 
0.48  per  cent,  of  the  cost  of  the  coal.  The  increasing  demand  for 
this  method  of  purchase  is  shown  by  the  following  figures  based 
on  contracts  for  the  current  year.  The  number  of  samples  will 
be  increased  to  about  9,000  and  the  cost  per  sample  reduced  to 
$1.44  ( =  1.12  cents  per  ton)  or  0.39  per  cent,  of  the  cost  of  the  coal. 

Laboratory  Investigations. — The  fuel  laborator}'  at  Pittsburgh 
is  engaged  in  analysis  and  determination  of  the  heat  value  of  sam- 
ples of  fuel  submitted  by  the  several  sections  of  the  Bureau  together 
with  mine  samples  submitted  by  the  engineers  of  the  Bureau,  other 
departments  of  the  Government  and  state  geological  surveys. 
The  investigation  work  of  the  several  laboratories  may  be  summed 
up  as  follows:  testing  the  fusibility  and  clinkering  properties 
of  coal  ash  to  determine  the  effect  of  the  distribution  of  the 
ash  in  the  coal  and  other  influences  of  the  component  substances 
upon  the  clinkering  tendency;  investigations  of  the  composition 
of  coal;  determination  of  the  nature  and  quantity  of  volatile 
matter  of  various  coals  at  different  temperatures;  tests  of  weath- 
ering coal;  spontaneous  combustion;  and  the  commercial  value 
of  the  petroleums  of  the  United  States. 

Tests  on  Commercial  Equipment. — Supplementing  the  labora- 
tory investigations,  tests  with  larger  apparatus  or  on  commercial 
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equipment  are  being  conducted.     These  investigations  may  be 
briefly  summarized  as  follows: 

1.  Determination  of  the  briquetting  qualities  of  various  fuels, 
anthracite,  bituminous,  semi-bituminous,  and  lignite  coals,  peat 
and  wood  refuse  from  saw-mills. 

2.  Gas  Producer. — Study  of  the  fundamentals  of  the  gas 
producer  on  a  specially  designed  equipment. 

3.  Long-Combustion  Chamber. — Study  of  furnace  problems 
and  combustion  processes. 

4.  Cupola  Work. — Study  of  the  results  of  the  coking  tests. 
Subsequent  work  of  the  cokes  in  cupola  iron  melting  on  a 
commercial  scale  led  to  further  investigations.  It  was  found  that 
under  certain  conditions  as  much  as  52.5  })er  cent,  of  the  metal 
charged  into  the  cupola  was  lost  by  burning  and  other  variations 
of  more  or  less  serious  nature,  depending  on  whether  light  or  heavy 
cokes  were  used.  It  was  fully  realized  that  the  use  of  coke  in 
either  cupola  or  blast  furnace  was  dependent  on  many  factors, 
some  of  which  are  known  and  can  be  properly  taken  care  of  in  the 
preparation  of  the  coke,  and  others  unknown  which  it  was  ad\isable 
to  investigate.  The  work  at  present  has  to  do  with  the  determining 
of  the  composition  of  the  gases  and  the  measurement  of  the  tem- 
perature at  different  points  in  various  zones  of  the  cupola.  It  is 
hoped  that  the  results  of  this  investigation  will  throw  some  light 
on  the  actual  processes  in  the  cupola  as  well  as  furnish  additional 
data  for  physical  tests  on  coke,  especially  as  regards  their  action 
when  subjected  to  continually  and  rapidly  changing  gases  and 
temperatures. 

Respectfully  submitted, 

A.  W.  Belden. 


REPORT  OF  COMMITTEE   D-8  ON 
WATERPROOFING   MATERIALS. 

Sub-Committee  A,  on  the  investigation  of  the  waterproofing 
of  mortars  and  concretes  through  incorporation  of  foreign  sub- 
stances, can  add  nothing  to  its  previously  reported  tindings, 
namely:  that  while  there  may  be  some  practical  foundation  for 
the  claims  of  the  efficiency  of  some  patented  materials,  laboratory 
tests  do  not  generally  develop  any  long-time  marked  advantage 
in  their  use  over  that  of  normal  materials  when  properly  propor- 
tioned; and  that  if  additions  are  desirable  on  account  of  poor 
f)roportioning  or  poor  granulometric  characteristics,  natural 
materials  can  be  used  with  satisfactory  practical  results,  without 
tending  as  do  the  general  run  of  proprietary  compounds  to 
materially  reduce  the  strength  of  the  mortars  and  concretes. 

As  far  as  the  work  of  this  sub-committee  is  concerned,  no 
further  investigations  are  contemplated  or  considered  necessary 
at  this  time 

Sub-Committee  B,  on  the  investigation  of  waterproofing 
methods  through  the  use  of  bituminous  materials  applied  directly 
or  through  mediums,  inaugurated  a  series  of  tests  on  concrete 
tanks  treated  directly  by  the  representatives  of  several  different 
materials,  as  reported  preliminarily  in  1909  and  subsequently 
in  1 910.  It  was  recognized  that  these  tests  were  only  preliminary 
to  further  and  more  extensive  ones  if  any  satisfactory  general 
system  was  to  be  devised.  Since  1909  several  meetings  of  the 
Committee  have  been  held,  from  which  howe\er  no  satisfactory 
conclusion  has  resulted,  excepting  the  general  agreement  referred 
to  later.  The  committee  meetings,  despite  the  efforts  of  the 
Chairman  to  obtain  better  cooperation,  have  been  unsatisfactory, 
each  meeting  has  been  attended  by  practically  the  same  men, 
and  there  has  been  a  general  lack  of  keen  interest.  It  must  be  con- 
fessed that  it  is  apparently  beyond  the  ability  or  inventive  genius 
of  the  Committee,  and  this  includes  the  Chauman,  to  suggest 
any  practical  line  of  investigation  which  would  be  generally 
applicable  to  the  widely  varying  conditions  calling  for  the  use  of 
bituminous  waterproofing  material.     In  other  words,  one  system 
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and  method  and  material  might  easily  prove  satisfactory  under 
certain  conditions  of  use,  and  utterly  fail  under  widely  different 
ones,  which  might  be  satisfactorily  met  by  another  system  and 
method  and  material.  Attempts  have  been  made  through  corre- 
spondence to  obtain  information  from  those  in  charge  of  important 
pieces  of  engineering  construction,  where  bituminous  waterproofing 
processes  have  been  employed,  as  to  their  experience,  with  the 
expectation  that  such  data  would  aid  the  Committee  in  its  work. 
Very  few  replies  were  received,  and  even  from  those  it  could  only 
be  concluded  that  the  varying  conditions  had  so  important  a 
bearing  that  the  writers  either  hesitated  to  commit  themselves 
generally,  or  were  so  guarded  in  their  replies  that  it  was  evident 
that  tests  of  time  had  either  not  yet  demonstrated  real  value 
through  success,  or  if  they  had  indicated  failure,  it  was  deemed 
desirable  "not  to  so  advise  the  Committee. 

However,  at  a  meeting  of  those  of  the  Committee  who  an- 
swered the  call  for  April  24,  191 1,  an  inspection  of  the  preliminary 
test  tanks  was  made  on  April  25,  by  the  Chairman  and  Messrs. 
De  Wyrall,  Walter,  Church,  and  Benner,  the  last-named  repre- 
senting Mr.  De  Knight  of  the  Committee. 

As  originally  described  in  the  report  for  1909,  the  tanks, 
18  by  12  by  9  ins.  deep,  were  made  of  1:3:5  concrete  with  four 
f^-in.  drainage  holes  through  their  bottoms.  After  satisfactory 
ageing,  they  were  waterproofed  on  their  interior  with  the  materials 
and  by  the  operators  furnished  by  sLx  different  manufacturers. 
About  twenty-four  hours  after  the  application  of  the  waterproof- 
ing, a  i-in.  protective  coating  of  porous  sand-and-cement  mortar 
was  spread  over  the  waterproofing  application.  Each  manu- 
facturer was  represented  by  four  tanks,  numbered  respectively 
I,  2,  3,  and  4.  Tanks  No.  i  were  filled  with  Astoria  gas  drip; 
tanks  No.  2  were  filled  with  seepage  water  from  the  sumj)  of  the 
New  York  Subway  at  Times  Square;  tanks  No.  3  were  filled  with 
this  same  scci)age  water  containing  5  i)cr  cent,  of  kerosene;  and 
tanks  No,  4  were  filled  with  this  same  seepage  water  rendered 
alkaline  by  the  addition  of  about  23  per  cent,  of  caustic  potash 
(lye). 

The  tanks  were  filled  December  1,  1908,  and  no  renewal  of 
the  liquids  was  made,  the  tanks  being  simply  covered  to  delay 
cvai)oration,  which,  owing  to  the  damj)  atmosphere  and  lack  of 
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ventilation  in  the  testing  room, — the  Sub-subway  at  Times 
Square, — made  the  conditions  sufficiendy  satisfactory  for  com- 
parison. Mr.  De  Wyrall,  Secretary  of  the  Committee,  regularly 
inspected  the  tanks,  first  every  day  and  thereafter  every  week 
until  evidence  was  furnished  by  the  appearance  of  any  contained 
liquid,  through  the  drainage  holes  in  the  bottom  of  the  tanks, 
that  the  waterproofing  protections  had  been  markedly  attacked. 
The  tanks  were  open  at  all  times  to  the  inspection  of  any  member 
of  the  Committee  and  the  Chairman  made  several  personal 
examinations. 

During  the  first  twelve  months  and  to  date  of  the  last  exami- 
nation, April  25,  191 1,  none  of  the  tanks  had  failed  except  those 
filled  with  gas  drip,  and  all  of  these  failed  except  one  which  will 
be  referred  to  specifically  hereafter.  One  failed  in  24  hours, 
another  in  3  days,  another  in  6  months  and  2  days,  another  in 
6  months  and  28  days,  and  the  fifth  in  8  months  and  16  days. 
They  were  examined  on  April  25.  The  mortar  coating  was  first 
broken  away,  with  no  particular  trouble  as  the  gas  drip  had 
greatly  impaired  its  strength.  The  tanks  were  later  broken  in 
half  for  detailed  inspection. 

The  tank  whose  protection  failed  in  24  hours  very  naturally 
showed  a  more  apparent  fair  condition  of  the  waterproofing 
material,  as  it  had  had  time  to  dry  out  and  did  not  suffer  from  any 
lengthy  contact  with  gas  drip,  which  had  completely  escaped 
through  the  drainage  holes.  The  medium,  however,  was  well 
rotted.  There  was  poor  adhesion  between  the  layers,  as  well 
as  to  the  concrete  itself,  and  the  bulk  of  the  bituminous  material 
had  evidently  been  carried  off  by  the  escaped  gas  drip,  the  tanks 
being  practically  empty  when  inspected. 

The  failure  of  the  second  tank,  which  occurred  in  3  days,  was 
caused  by  the  washing  away  of  the  bituminous  coating,  which 
was  not  reinforced  by  any  medium.  The  tank  was  empty  when 
inspected. 

In  the  third  tank,  which  failed  in  6  months  and  2  days, 
most  of  the  waterproofing  had  disappeared.  The  medium  was 
a  sticky  paste  with  no  adhesion  and  the  tank  was  practicalh- 
empty  when  inspected. 

The  failure  of  the  fourth  tank,  which  occured  in  6  months 
and  28  days,  showed  the  waterproofing  reduced  to  a  pulp,  both 
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the  material  and  the  medium,  tlic  latter  having  no  more  strength 
than  those  previously  examined.  As  the  tank  when  examined 
contained  about  i  in.  of  the  driji,  it  was  apparent  that  while  the 
waterproofing  material  had  been  very  seriously  attacked,  possible 
clogging  had  occurred,  preventing  the  entire  disappearance  of  the 
liquid. 

The  failure  of  the  fifth  tank,  which  occurred  in  8  months 
and  16  days,  showed  the  material  markedly  soft  with  no  adhesion 
between  the  plies  or  concrete,  and  the  cloth  rotted. 

The  sixth  tank,  referred  to  above  as  not  having  failed,  con- 
tained at  the  time  of  inspection  considerable  of  the  liquid.  Upon 
careful  examination  it  was  found  that  the  drainage  holes  had  for 
some  reason,  presumably  accidental,  been  omitted,  which  was  of 
course  recognized  as  possibly  impairing  the  comparative  value 
of  this  test,  though  it  certainly  is  not  of  the  vital  importance 
supposed  by  some  members  of  the  Committee,  for  the  reason 
that  whereas  in  all  the  tanks  that  failed,  the  concrete  bottoms 
showed  more  or  less  infusion  of  the  gas  drip  throughout  from  the 
drainage  holes  outward,  this  particular  tank  did  not  present  this 
appearance,  as  the  gas  drip  had  not  penetrated  the  waterproofing 
plies. 

While  some  objection  has  been  made  by  a  minority  of  the 
Committee  to  the  above  statement  as  a  possible  endorsement 
of  the  efficiency  of  material  and  treatment  on  the  sixth  tank,  no 
claim  was  made  by  these  objectors  that  any  of  the  other  tests 
showed  com])arative  results,  and  it  was  generally  admitted  that 
gas  drip  disastrously  affected  bituminous  materials  when  in 
actual  contact  with  them.  In  order  to  decide  quickly  the  mooted 
l>oint  caused  by  the  absence  of  drainage  holes,  an  attempt  was 
then  made  to  obtain  agreement  by  repeating  these  tests  under 
an  accelerated  plan,  but  this  i)lan  failed  owing  to  the  refusal  of 
at  least  one  manufacturer  to  agree. 

In  view  of  the  above  facts  the  Chairman  assumes  to  present 
the  report  as  originally  submitted  and  accepted  by  the  majority 
of  the  Committee. 

Tanks  No.  3,  containing  seepage  water  and  5  per  cent,  of 
kerosene,  were  examined.  Two  of  them  showed  signs  of  failure, 
water  being  found  in  the  fabric  and  between  the  j)lies.  The 
remaind*  ••  '"T'-  in  good  condition.    Owing  to  the  indication  that 
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even  the  5  per  cent,  of  kerosene  added  to  the  seepage  water  was 
attacking  some  of  the  applications,  it  was  decided  to  empty 
tanks  No.  2  containing  seepage  water  only,  which  had  produced 
no  effect  upon  the  waterproofing  material,  and  to  refill  these  with 
straight  kerosene  oil.  This  has  been  done  and  the  results  are 
being  noted  and  will  be  reported  later. 

This  report  can  at  best  be  considered  only  as  one  of  progress. 
If  any  further  work,  except  the  mere  recording  of  results  on  the 
balance  of  the  test  tanks  now  under  observation,  is  to  be  under- 
taken in  the  future,  a  complete  reorganization  of  the  Committee 
is  absolutely  necessary  in  the  opinion  of  the  Chairman,  although 
it  might  be  possible  under  different  leadership  to  excite  the  desired 
interest  heretofore  so  markedly  lacking  in  the  majority  of  its 
present  membership.  The  Chairman  recognizes  the  inherent 
power  of  the  Committee  in  this  matter,  and  it  is  of  record  that 
action  was  taken  at  Adantic  City  last  year  by  dropping  from  the 
roll  all  members  failing  to  show  proper  interest  in  the  work,  as 
evidenced  by  absence  from  called  meetings.  The  result  of  this 
ruling  has  been  to  practically  exterminate  the  majority  of  the 
Committee;  such  interest  as  shown  by  attendance  at  meetings 
has  been  confined  to  some  half  dozen  members,  the  only  ones  ever 
active. 

The  Committee  should  be  radically  reorganized  if  further 
effort  is  to  be  made  to  take  up  work  for  which  it  was  constituted 
and  preliminary  steps  in  this  direction  are  being  taken.  If 
unsuccessful,  a  request  will  be  made  for  the  discharge  of  the 
Committee. 

Respectfully  submitted  on  behalf  of  the  Committee, 

W.  A.  Aiken, 

Chairman. 
Cyril  De  Wyrall, 
Secretary. 
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REPORT  OF  COMMITTEE  E-i  ON 
STANDARD  METHODS  OF  TESTING. 

The  Committee  on  Standard  Methods  of  Testing  submits 
herewith  Proposed  Standard  Methods  for  Transverse  Tests  of 
Metals,  with  the  recommendation  that  they  be  adopted  by  the 
Society  and  made  a  part  of  the  Standard  Methods  of  Testing 
adopted  by  letter  ballot  of  the  Society  on  September  i,  1910. 

Respectfully  submitted  on  behalf  of  the  Committee, 

Gaetano  Lanza, 

Chairman. 

Note. — ^The  Proposed  Standard  Methods  for  Transverse 
Tests  of  Metals  were  adopted  by  letter  ballot  of  the  Society  on 
August  21,  191 1,  and  follow  this  report.  They  have  been 
embodied  in  the  Standard  Methods  of  Testing  as  Part  III  (see 
Year- Book,  191 1,  pages  180-182). — Ed. 
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PHILADELPHIA,  PA.,  U.  S.  A. 

AFFILIATED    WITH    THE 

International  Association  for  Testing  Materials. 


STANDARD  METHODS  FOR  TRANSVERSE  TESTS  OF 

METALS. 
Adopted  August  21,  1911. 

I.  In  the  case  of  cast  metals,  when  transverse  tests  are  to 
be  used  to  aid  in  determining  the  quality  of  the  material,  the 
specimen  used  shall  be  cast  vertical,  shall  be  ij  ins.  in  diameter, 
and  long  enough  to  use  a  span  of  at  least  15  times  the  diameter. 

It  is  important  that  a  definite  and  uniform  standard  be  adopted  so 
that  the  results  may  be  comparable  with  each  other;  hence  the  diam- 
eter specified  above  (sectional  area  corresponding  to  practically  I  sq.  in.). 
The  determination  of  span  is  at  present  the  subject  of  international  tests 
to  decide  upon  a  definite  distance  to  replace  the  present  standard  of  12  ins. 
It  will  probably  be  16  to  18  ins. 

The  circular  section  will  best  secure  a  uniform  thickness  of  skin,  and 
thus  avoid  this  irregularity  when  other  sections  are  employed. 

In  the  case  of  ductile  materials  (except  in  impact  tests) 
transverse  tests  shall  never  be  used  to  determine  the  quaUty  of 
the  material,  tensile  tests  being  those  suitable  for  the  purpose. 

In  small  round  or  square  bars  of  ductile  material,  both  the  modulus 
of  rupture  and  the  transverse  elastic  limit  vary  considerably  with  the  span. 

In  the  case  of  tests  made  for  determining  constants  to  be 
used  for  designing,  the  specimen  shall  conform  as  nearly  as  possi- 
ble with  the  form  and  size  of  the  piece  to  be  used.  Thus,  if 
I-  or  T-sections  are  to  be  used,  the  specimens  shall  be  of  I-  or 
T-section.  In  the  case  of  flat  springs  or  plate  glass,  they  shall 
be  flat;  in  the  case  of  timber,  rectangular;  etc. 
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It  is  well  known  that  the  modulus  of  rupture  varies  with  the  shape  of 
the  section,  being  very  much  greater  in  the  case  of  round  than  in  I-sections. 
Hence  the  modulus  of  rupture  suitable  for  use  for  one  would  be  entirely 
unsuitable  for  the  other. 

In  rolled  sections,  the  smaller  ones  are  subjected  to  a  more  thorough 
working  in  the  process  of  rolling  than  the  larger. 

2.  In  the  case  of  the  "Arbitration  Bar''  adopted  for  cast 
iron,  the  span  has  been  fixed  at  12  ins.,  but  may  be  extended  as 
above  stated.     The  bar  will  serve  for  cast  and  brittle  materials. 

In  the  case  of  ductile  materials,  when  the  modulus  of  rupture 
is  desired,  the  span  shall  generally  be  less  than  12  or  15  times  the 
depth.  Exceptions,  however,  occur,  as  in  flat  springs  and  in 
some  cases  in  full-size  pieces,  when  the  spans  and  methods  of 
supporting  the  ends,  etc.,  shall  conform  to  the  conditions  of 
service. 

3.  In  the  case  of  cast  and  brittle  metals,  the  speed  of  testing 
shall  not  exceed  0.2  in.  per  minute.  For  other  specimens  the 
sp)eed  shall  be  correspondingly  low. 

4.  The  preparation  of  the  specimen  shall  be  such  that  it 
truly  represents  the  material  itself.  The  introduction  of  extra- 
neous influences  should  be  avoided  as  far  as  the  knowledge  of  the 
material  will  permit.  Thus,  in  cast  metals  no  coupons  shall  be 
used;  cast  materials  for  tests  shall  go  into  dry  molds  standing 
vertical. 

No  specimen  shall  be  machined  before  testing,  except  when 
information  is  specifically  desired  regarding  the  strength  of  such 
machined  specimens. 

5.  The  transverse  yield  point  for  ductile  materials  shall  be 
noted  approximately  by  the  drop  of  the  scale  beam. 

6.  If  the  transverse  elastic  limit  is  to  be  determined  for 
comparison  with  that  obtained  in  the  tensile  test,  the  succes- 
sive increments  of  load  in  the  neighborhood  of  the  transverse 
elastic  limit  shall  be  comparatively  small,  and  after  each  load  has 
been  applied  and  the  corresponding  deflection  measured  l)y  means 
of  the  dcflectometer,  the  load  shall  be  removed  and  the  deflec- 
tion measured  again  to  determine  the  permanent  set. 

In  those  cases  where  the  arbitration  bar  is  used  for  such  cast 
materials  as  have  an  elastic  limit,  the  increment  of  load  used  near 
the  transverse  clastic  limit  shall  be  250  lbs. 
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It  is  well  known  that  when  the  transverse  elastic  limit  is  determined, 
of  course  by  means  of  a  transverse  test,  the  extreme  fiber  stress  at  this  trans- 
verse elastic  limit  is  not  the  same  as  that  at  the  tensile  elastic  limit  of  the 
material;  and  moreover,  that  it  varies  with  both  the  section  and  the  span; 
hence  the  desirability  of  comparing  the  transverse  elastic  limit  with  the 
tensile  elastic  limit. 

7.  In  the  case  of  ductile  materials,  the  arrangement  of  the 
supports  shall  be  such  that  longitudinal  tension  in  the  specimen 
due  to  the  rigidity  of  the  supports  is  avoided. 

8.  In  the  case  of  ductile  materials,  special  care  shall  be  used 
when  determining  the  ultimate  load.  For  this  purpose  it  will 
be  necessary  when  approaching  the  ultimate  (i.  e.,  the  maxi- 
mum) load,  to  make  the  speed  of  testing  slow  enough  to  enable 
the  observer  to  note  the  maximum  load. 

In  many  cases,  as  in  I-  and  T-beams,  the  maximum  load  can 
be  easily  ascertained,  while  in  others,  such  as  round  or  flat  sec- 
tions with  short  spans,  it  may  not  be  possible  to  determine  it 
exactly;  but  it  will  almost  always  be  possible  to  determine  it  with 
sufficient  accuracy  for  all  practical  purposes. 


LIFE  HISTORY  OF  NETWORK  AND  FERRITE  GRAINS 
IN   CARBON   STEEL* 

By  H.  M.  Howe. 

PART  I.— INTRODUCTION. 

1.  The  ttaveling  salesman  who  has  a  proper  trunk  with 
suitable  subdivisions  for  classifying  the  many  and  varied  samples 
which  he  must  needs  show,  cannot  justly  be  censured  on  the 
ground  that  he  burdens  himself  needlessly  by  having  to  transport 
a  tnmk  in  addition  to  his  wares. 

Nature  has  made  the  constitution  of  steel  and  its  behavior 
under  heat  treatment  so  complex  that,  in  order  to  set  them 
forth  in  such  a  way  that  they  can  be  understood  and  remembered, 
a  special  explanatory  diagram  and  a  few  special  names  are 
imperatively  needed,  in  the  opinion  of  all  those  who  have  studied 
the  matter  most  deeply.  We  have  prepared  for  you  a  suitably 
subdivided  trunk  to  carry  the  wares  you  need.  It  is  not  we 
but  nature  that  is  to  blame  for  the  fact  that  a  mere  pilgrim's 
sack  will  not  suffice,  and  that  such  a  trunk  is  needed.  You 
practitioners  flinch  from  the  labor  of  learning  how  to  work  this 
trunk.  For  those  of  you  to  whom  the  subject  is  of  minor 
importance  it  may  not  be  worth  while  to  try;  it  may  be  better 
to  content  yourselves  with  carrying  your  wares  in  a  sack  for  the 
rest  of  your  work.  But  those  of  you  closely  interested  in  the 
subject,  and  especially  the  younger  of  you,  will  do  well  to  adjust 
yourselves  to  the  new  condition,  and  learn  to  use  this  new  tool, 
lest  haply  in  a  few  years  you  in  turn  be  pushed  aside  by  the  still 
younger,  who  most  certainly  will  understand  it,  so  thoroughly 
is  its  use  now  taught  to  the  students  at  our  teclinical  schools, 
and  so  def)cndcnt  is  our  literature  on  a  comprehension  of  it. 

2.  General  Survey  oj  the  Conditions.  Very  Loiv-Carhon 
Steel. — When  cold  this  consists  (i)  of  distinct  grains  of  almost 
carbonless  iron  called  "ferrite,"  and  (2)  whatever  further  small 


* TIm  Ms.  of  tbb  article  wan  received  Scpteint>er  15,  101 1-     The  refcrcncei  to  Ewing  and 
Kcmnhain  w«r«  iiddwl  later.— Bo. 
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quantity  of  carbon  is  present.  This  carbon  is  chemically  com- 
bined with  a  small  part  of  the  iron  in  the  form  of  the  definite 
carbide,  FcsC,  called  "cementite."  When  this  carbide  is  first 
formed  it  is  interstratified  with  a  little  of  the  ferrite,  to  form  a 
zebra-like  conglomerate  called  "pearlite."  In  very-low-carbon 
steel  the  small  quantity  of  pearlite  to  which  the  very  small 
quantity  of  carbon  present  gives  rise  may  occur  as  small  islands 
between  adjoining  grains  of  the  ferrite;  though  under  favorable 
conditions  the  cementite  of  this  pearhte  tends  to  separate  itself 
from  the  ferrite  with  which  it  is  initially  intermixed,  and  to  form 
little  islands  of  free  cementite,  the  ferrite  with  which  it  was  orig- 
inally intermixed  coalescing  with  the  neighboring  grains  of  ferrite. 

Thus,  dead-low-carbon  steel  of  0.03  per  cent,  carbon,  under 
such  conditions,  consists  of  99.55  per  cent,  of  ferrite  and  0.45 
per  cent,  of  cementite.  The  small  quantity  of  manganese  pres- 
ent in  such  a  steel  exists  in  this  cementite,  in  which  it  replaces 
a  like  quantity  of  iron. 

The  characteristic  structure  of  ferrite,  as  shown  in  Figs. 
F  and  G  of  Row  12,  Plate  IV  (page  386),  is  that  of  irregular 
polygons.  Each  polygon  or  grain  is  a  true  but  ill-formed  crys- 
tal. That  is  to  say,  all  its  particles  have  one  and  the  same 
orientation  and  cleavage;  and  the  orientation  of  the  particles 
changes  abruptly  as  we  pass  from  grain  to  grain.  This  is  shown 
clearly  in  Fig.  12,  Plate  I  *  (page  386).  But  the  exterior  form 
of  these  grains  is  irregular,  because  they  interfere  with  each 
others'  shape.  Each  prevents  its  growing  neighbors  from  reach- 
ing the  regularity  of  outward  form  characteristic  of  our  familiar 
cabinet  crystals. 

The  structure  which  pearlite  itself  assumes  under  favorable 
conditions  is  shown  in  Fig.  13,  Plate  I.f  Its  occurrence  in  high- 
carbon  steel,  as  a  kernel  within  a  shell  of  white  cementite,  is 
shown  in  Fig.  14,  Plate  I,  J  while  Fig.  i5§  shows  the  condition 
which  low-carbon  steel  readily  assumes  through  the  divorcing  of 
the  pearlite,  its  ferrite  deserting  its  mate  to  coalesce  with  the 
free  ferrite  which  forms  the  great  bulk  of  the  metal,  and  the 
deserted  cementite  drawing  together  in  the  form  of  white  atolls. 

•Stead.  Journal.  Iron  and  Steel  Institute,  Vol.  i.  1898.  Fig.  17.  after  p.  176.  z  130. 
t  Heyn,    V erhandlungen   des    Vereins   sur    Beforderung   des   Gewerbfleisses,    1904.    Fig. 
56,  X  1650. 

t  Professor  William  Campbell,  "Blister  Steel." 

(  Stead,  Journal,  Society  of  Chemical  Industry.  Vol.  32,  1903,  Fig.  10,  x  500. 
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3.  Transformations  of  Ultra-Low-Carbon  Steel  in  Heating 
and  Cooling. — When  ultra-low-carbon  steel  is  heated,  on  rising 
past  770°  C.  it  loses  its  magnetic  properties,  changing  into  a 
different  form  called  "beta"  ferrite.  This  change-temperature 
is  called  A  2  generically,  Ac  2  when  it  refers  specifically  to  rising 

temperature,  and  Ar2  when  it  refers 
specifically  to  falling  temperature,  "c" 
meaning  "chaufifant,"  and  "r"  "refroi- 
dissant"  (Osmond).* 

When  the  temperature,  in  further 
rising,  passes  about  895°  C,  called  A3 
in  Fig.  I,  the  beta  ferrite  changes 
abruptly  into  "austenite,"  called  also 
"gamma  iron."  The  properties  of  this 
austenite  are  radically  diflferent  from 
those  of  the  ferrite  out  of  which  it  is 
formed.  Whatever  carbon  is  present 
dissolves  in  this  austenite,  which  is  what 
is  called  a  "  solid  solution."  In  other 
words,  whereas  the  steel  when  cold  con- 
sisted of  a  mechanical  mixture  or  con- 
glomerate of  ferrite  and  of  the  little 
cementite  present,  representing  the  small 
J  quantity  of  carbon  present,  on  rising  past 

895°  C.  (A3)  these  distinct  bodies  dis- 
FiG.  1.— Transformations  solve  in  each  Other  quite  as  ice  and  salt 
at    High  Temperatures   in  when  mixed  dissolve  in  each  other. 
Very-Low-Carbon  Steel.  Most  of  US  are  familiar  with  this 

melting  of  ice  and  simultaneous  dissolv- 
ing of  salt,  when  we  bring  them  into  contact  with  each  other  in 
an  ice-cream  freezer,  or  by  sprinkling  salt  on  the  sidewalk  for 
the  purpose  of  cutting  the  ice  there.  As  the  salt  and  ice  merge 
in  each  other  and  so  pass  from  the  condition  of  a  conglom- 
erate or  mixture  to  that  of  a  single  substance,  a  solution 
of  salt  in  water,  so  do  the  ferrite  and  cementite  on  rising  past 
895**  C.  merge  and  pass  from  the  condition  of  a  conglomerate 


*  Thto  chtim  froa  alpha  to  beu  In  heating  up,  Kci,  and  the  r«verM  chnnKo  from  beta 
lO  alpta*  la  coolbm  down,  Ara,  tMvin  ut  ururlv  thn  uune  t«nt>eruture;  but  tho  lutlor  change 
4ow  aoi  Man  to  oompUt*  lte«U  thwe. 
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into  that  of  a  single  substance,  dissolving  in  each  other,  with 
the  striking  difference  that  the  resultant  solution  or  austenite 
is  solid  instead  of  being  liquid  as  in  the  case  of  mixed  salt  and 
ice.  Save  and  except  that  it  is  soUd,  it  has  all  the  properties 
which  distinguish  our  common  Uquid  solutions,  their  complete 
merging  of  their  several  components  into  a  single  entity,  and  their 
complete  indefiniteness  of  composition,  so  that  different  solutions 
may  vary  in  composition,  not  like  chemical  compounds  by  defi- 
nite gaps  between  one  another,  but  by  infinitesimal  gradations. 

This  austenite  remains  as  austenite  with  further  rise  of 
temperature  till  the  melting  point  is  approached;  but  on  again 
cooling  the  change  is  reversed  when  the  temperature  falls  past 
about  895°  C,  and  the  austenite  splits  up  into  the  mixture  of 
ferrite  and  cementite  of  which  the  steel  initially  consisted.  The 
foregoing  applies  only  to  steel  very  poor  in  carbon. 

4.  Steel  Richer  in  Carbon. — As  the  percentage  of  carbon 
increases,  and  with  it  the  percentage  of  the  cementite  which 
contains  that  carbon,  the  percentage  of  pearlite,  the  fine 
mechanical  mixture  of  cementite  with  part  of  the  ferrite,  increases 
extremely  rapidly,  until  when  the  carbon  content  reaches  about 
0.90  per  cent,  the  metal  when  cold  consists  exclusively  of  pearlite, 
which  therefore  has  a  carbon  content  of  0.90  per  cent.  And 
whereas  the  progressive  increase  of  the  carbon  content  in  a 
series  of  specimens  of  steel  from  o  to  0.90  per  cent,  is  accom- 
panied by  a  progressive  increase  in  the  proportion  of  pearlite 
and  decrease  in  that  of  ferrite,  when  the  carbon  content  rises 
past  0.90  per  cent,  the  steel  now  consists  of  a  mixture  of  pearlite 
with  free  cementite,  as  in  Figs.  C  to  F  of  Rows  i  and  2,  Plate  II 
(page  386),  in  which  the  darker  ground  mass  is  pearlite  and  the 
white  needles  and  cell  walls  are  cementite.  The  farther  the 
carbon  content  rises  beyond  0.90  per  cent.,  the  greater  is  the 
proportion  of  this  free  cementite. 

5.  The  Carbon-Iron  Diagram. — In  order  to  understand  the 
present  subject  of  the  effect  of  heat  treatment  on  the  structure 
of  steel,  it  is  unfortunately  necessary  to  understand  so  much  of 
the  carbon-iron  diagram  as  is  shown  in  Fig.  2,  in  which  vertical 
distances  represent  temperatures  and  horizontal  ones  represent 
carbon  content.  In  fact,  the  left-hand  axis  of  this  diagram  is 
exactly  the  same  as  the  vertical  line  of  Fig.  i.     Every  imaginary 
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vertical  line  in  the  diagram  is  an  isocarb,  and  the  various  points 
on  it  represent  the  various  temperatures  which  a  specimen  of 
steel  of  that  carbon  content  passes  through  or  stays  at  in  heating 
up  and  cooling  down. 

Note  the  distinct  regions  into  which  this  diagram  is  divided. 


0  0.5 

Carbon,  per  cent. 

Pio.  9. — ^The  Transformation  Range  and  the  Neighboring  Parts 
of  the  Carbon-Iron  Diagram. 

In  Region  4  the  steel  normally  consists  of  austcnite  alone;  in 
Region  8  it  consists  of  a  conglomerate  or  granitic  mass,  a  mixture 
of  pearlite  with  either  ferritc  or  cementite  accortling  to  whether  it 
contains  less  or  more  than  0.90  per  cent,  of  carbon;  whereas  in 
Regions  5,  6,  and  7,  calU-d  jointly  the  transformation  range,  it 
consists  of  a  mixture  of  austcnite  with  either  ferritc  or  cementite. 
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When  steel  is  heated  up,  as  its  temperature  rises  past  the 
bottom  of  the  transformation  range,  so  that  it  enters  Region 
5  or  7,  its  pearlite  changes  abruptly  into  austenite;  and  with 
further  rise  of  temperature  the  austenite  thus  formed  progres- 
sively absorbs  the  ferrite  or  cementite  with  which  it  was  initially 
mixed,  completing  this  absorption  at  the  top  of  the  transforma- 
tion range,  though  not  instantaneously,  so  that  on  entering  Region 
4  it  consists  of  austenite  alone.  So  when  this  austenite  in  turn 
cools,  as  it  enters  the  transformation  range  from  above  it  begins 
generating  ferrite  or  cementite,  according  to  whether  it  contains 
less  or  more  than  0.90  per  cent,  of  carbon,  and  it  continues  this 
generation  at  such  a  rate  as  to  bring  its  own  carbon  content  to 
0.90  per  cent,  when  it  has  reached  the  bottom  of  that  range. 
On  further  cooling,  this  residual  austenite  changes  abruptly 
into  pearlite,  thus  completing  the  cycle,  and  giving  us  back  the 
conglomerate  or  mechanical  mixture  of  pearlite  with  either  ferrite 
or  cementite  with  which  we  started. 

6.  The  transformation,  then,  in  cooling  is  the  progressive 
change  from  the  condition  of  austenite  into  that  of  the  mixture 
of  pearlite  with  either  ferrite  or  cementite  of  which  slowly  cooled 
steel  consists;  and  in  heating  up  it  is  the  reverse  change  to  the 
state  of  austenite.     It  may  be  written  thus: 

Ferrite  +  Cementite  ^ml        Austenite 
xaFe  +    y Fe^C    7IIIIl{x  +  jy)yFe  ,  Cy 

When  the  transformation  is  spoken  of  in  this  paper,  it  is  this 
specific  transformation  that  is  meant. 

In  order  to  understand  this  diagram  better  let  us  follow 
by  means  of  the  line  h"-h^,  the  cooling  of  steel  containing  0.40 
per  cent,  of  carbon  in  cooling  from  1000°  C. 

At  1000°  this  steel  consists  wholly  of  austenite,  the  whole  of 
the  carbon  being  dissolved  in  the  whole  of  the  iron.  When,  in 
cooling,  its  temperature  reaches  the  point  //'"  on  the  line  A2-3,  or 
OS,  the  austenite  begins  expelling  from  itself  part  of  its  iron  in 
the  form  of  ferrite,  preferably  into  the  joints  between  its  adjacent 
grains,  or  into  its  own  cleavages,  and  this  expulsion  continues 
as  the  temperature  further  falls.  As  the  ferrite  thus  expelled 
is  nearly  or  quite  free  from  carbon,  and  as  this  residual  austenite, 
thus  reduced  in  quantity,  hence  contains  the  whole  of  carbon 
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present  initially,  it  is  of  course  richer  in  carbon  than  the  initial 
austenite.  This  percentage  enrichment  of  the  mother  austenite 
continues  with  the  continuing  generation  of  ferrite,  till,  when  the 
temperature  has  fallen  to  about  725°  C,  An  or  PSP',  it  reaches 
0.90  per  cent,  which  is  the  carbon  content  of  pearlite.  But 
the  austenite  still  remains  austenite.  This  passage  of  the  steel 
from  h'"  to  h^^  thus  has  been  accompanied  by  its  splitting  up 
from  an  initially  nearly  homogeneous  mass  of  austenite  alone, 
into  a  mixture  of  austenite  with  a  progressively  increasing  quan- 
tity of  ferrite,  with  consequent  progressive  enrichment  in  carbon 
of  that  residual  austenite,  which  at  h^^  reaches  the  carbon 
content  of  pearlite. 

The  progress  of  this  transformation  may  be  traced  in  Figs. 
24  to  28,  Plate  I,  which  show  the  structure  at  different  points  of 
the  same  bar  of  steel  on  cooling  slowly  to  various  points  in  and 
near  the  transformation  range. 

Figs.  18  to  23,  Plate  I,  show  a  like  series,  prepared  by  heat- 
ing several  separate  pieces  of  this  same  steel  to  one  and  the  same 
high  temperature,  then  allowing  each  to  cool  slowly  in  the  furnace 
to  the  temperature  indicated,  and  then  quenching  it  in  water 
to  preserve  the  structure  reached  in  the  slow  cooling.  In  these 
cases  the  cooling  was  very  much  slower  than  in  the  cases  shown 
in  Figs.  24  to  28.  As  will  be  explained  later,  this  prolongation 
of  the  exposure  to  these  temperatures  has  allowed  the  network 
structure,  shown  so  clearly  in  Figs.  24  to  28,  to  break  up  again. 

On  cooling  past  h'^  on  the  Une  Ai ,  this  residual  0.90-per  cent, 
austenite  suddenly  changes  into  pearHte,  but  with  no  change 
in  the  ferrite  which  it  has  generated  in  the  passage  from  /;'"  to 
h'^,  so  that  the  steel  now  consists  of  a  conglomerate  of  (i) 
ferrite  formed  in  cooling  from  //"  to  h'^ ,  and  (2)  pearlite  formed 
in  cooling  past  h'^. 

This  conversion  of  the  austenite  into  pearlite  is  accom- 
panied by  a  great  evolution  of  heat.  In  an  ordinary  air  cooling, 
in  which  because  of  lag  this  transformation  does  not  set  in  till 
the  temperature  has  passed  below  that  at  which  it  is  strictly  due, 
that  is,  below  its  equilibrium  temperature,  this  evolution  of 
heat  b  so  rapid  as  to  raise  the  temperature  towards  or  even  to 
the  equilibrium  temperature,  causing  the  famih'ar  "  recalcsccncc." 

With  further  cooling  from  h'^  down  no  change  occurs  which 
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we  need  notice  here,  so  that  the  cold  steel  consists  of  the  familiar 
mixture  of  pearlite  and  ferrite. 

When  this  steel  is  heated  up  again,  the  same  changes  occur 
in  the  reverse  order.  That  is  to  say,  when  it  rises  past  h^^  the 
pearUte  changes  abruptly  into  austenite;  and  as  the  temperature 
further  rises  from  h^^  to  //'"  this  austenite  progressively 
re-absorbs  the  ferrite  which  it  had  expelled  in  its  previous  cooling 
through  the  transformation  range  from  h'"  to  A^^,  completing 
this  re-absorption  on  reaching  h'" ,  and  above  this  point  consisting 
as  before  of  austenite  alone. 

7.  Lag. — This  transformation  is  a  lagging  one  in  both  its 
parts,  (i)  the  progressive  expulsion  of  ferrite  from  the  austenite 
in  cooling  from  A3  to  Ai,  and  its  re-absorption  by  that  austenite 
in  heating  up;  and  (2)  the  abrupt  change  of  the  residual  austenite 
into  pearhte  in  cooUng  past  Ai,  and  from  pearlite  into  austenite 
on  again  rising  past  Ai. 

Every  such  reaction  has  a  certain  temperature  at  which, 
under  existing  conditions,  it  is  due  to  occur,  and  would  occur  if 
equilibrium  were  exactly  compUed  with.  This  might  be  called 
its  normal  or  equilibrium  temperature.  But,  just  as  by  suitable 
precautions  water  may  be  prevented  from  beginning  to  boil  at  the 
instant  when  its  temperature  reaches  100°  C,  and  from  freezing 
at  the  instant  when  its  temperature  falls  to  0°,  and  may  be  cooled 
materially  below  0°  without  actually  freezing,  so  these  transfor- 
mations in  solids  are  very  prone  to  lag.  In  particular,  those  which 
occur  in  coohng  are  subject  to  great  "lag,"  or  "undercooling." 

Because  of  this  lag  it  is  but  natural  that  the  range  at  which 
the  transformation  occurs  in  cooling  is  the  lower  the  faster  the 
cooling  takes  place,  and  that  the  range  at  which  it  occurs  during 
heating  up  is  the  lower  the  slower  the  heating.  For  instance,  it  is 
lower  in  the  slow  heatings  of  industrial  annealings  and  of  my 
experiments  for  this  present  paper,  than  in  the  necessarily  rather 
rapid  heatings  used  for  determining  the  position  of  the  several 
critical  points  by  means  of  the  retardations  which  '•epresent  them, 
or  in  other  words  the  breaks  in  the  time-temperature  curve.  The 
presence  of  any  element,  hke  nickel  or  manganese,  which  makes 
the  steel  sluggish,  in  Uke  manner  lowers  the  range  through  which 
this  transformation  occurs  in  cooling. 

8.  The  hardening  of  steel  through  rapid  cooling  is  a  conse- 
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quence  of  this  lagging  tendency.  In  effect  the  rapid  cooling 
prevents  the  transformation  from  completing  itself,  so  that  the 
rapidly  cooled  metal,  instead  of  consisting  of  the  mixture  of 
pearlite  with  ferrite  normal  for  slowly  cooled  steel,  consists  of 
products  intermediate  between  that  mixture  and  the  austenite 
state  in  which  the  steel  was  when  in  Region  4  before  the  cooling 
began.  This  is  proved  by  an  enormous  mass  of  evidence,  of 
which  it  suffices  to  mention  here  (i)  that  cooling,  no  matter  how 
rapid,  causes  no  hardening  unless,  when  it  begins,  the  steel  is 
in  the  condition  of  austenite,  or  some  intermediate  transition 
form;  and  (2)  that  hardening  and  other  effects  closely  like  those 
caused  by  rapid  cooling  are  caused  by  the  presence  of  any 
element  which  throws  the  metal  into  the  condition  of  the  stages 
intermediate  between  austenite  and  the  mixture  of  pearlite  and 
ferrite  of  which  slowly  cooled  carbon  steel  consists. 

9.  Beta  Iron. — As  to  the  nature  of  these  transition  forms 
opinions  are  divided.  But  the  great  mass  of  facts  before  us  is 
explained  .conveniently  by  the  theory  that  the  beta  iron  stage, 
intermediate  between  that  of  austenite  and  of  ferrite  plus  pearlite, 
is  much  harder  than  austenite  itself;  and  that  in  fact  the  harden- 
ing of  common  carbon  tool-steels,  and  the  stage  of  greatest 
red-hardness  of  high-speed  steels,  are  due  to  the  presence  of  this 
intermediate  beta  iron. 

From  the  facts  already  before  you,  that  cold  carbonless 
steel  consists  of  ferrite  alone;  that  steel  of  0.90  per  cent,  carbon 
consists  of  pearlite  alone;  and  that  the  austenite  of  steel  of 
intermediate  carbon  content  in  cooling  through  the  trans- 
formation range  generates  within  itself  enough  ferrite  to  reduce 
its  own  carbon  content  to  that  of  pearlite,  0.90  per  cent.,  you 
readily  infer  that  the  quantity  of  ferrite  thus  generated  is  pro- 
portional to  the  gap  between  the  total  carbon  content  of  the 
steel  itself  and  that  of  pearlite,  0.90  per  cent. 

10.  Definitions. — Steels  containing  just  0.90  per  cent,  of 
carbon,  and  hence  consisting  of  pearlite  alone,  are  ciillod 
"eutcctoid"  steels.  Those  containing  less  than  this  are  called 
"hypo-eutectoid",  and  those  more  than  this  "  hyper-eutectoid  " 
steels. 

Ai  is  "the  lower  boundary  of  the  transformation  range. 

A3  is  its  upper  boundary. 
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A2  is  the  boundary  between  the  regions  in  which  alpha  and 
beta  ferrite  respectively  exist. 

Between  0.37  and  0.90  per  cent,  of  carbon,  A2  and  A3  occur 
together;  they  are  therefore  spoken  of  jointly  as  A2-3. 

Grain  refining  is  the  breaking  up  of  pre-existing  coarse 
grain,  for  instance  by  proper  thermal  treatment. 

II.  The  Transformation  of  Hyper-Eutectoid  Steels. — To  fix 
our  ideas  let  us  consider  the  cooling  of  a  hyper-eutectoid  steel 
containing  1.14  per  cent,  of  carbon,  rLUW,  Fig.  2.  When  at 
r  or  any  temperature  in  Region  4,  this  steel  consists  of  austenite 
alone.  When,  in  cooling,  it  reaches  the  temperature  L  on  the 
line  SE,  this  austenite  begins  generating  within  itself  not  ferrite 
but  cementite,  and  thereby  impoverishing  itself  in  carbon 
because  cementite  itself  contains  6.67  per  cent,  of  carbon.  The 
austenite  continues  to  generate  this  cementite  as  the  temperature 
falls  furthei  and  further,  till  by  the  time  it  has  reached  tempera- 
ture U  on  the  line  PSP',  or  An,  the  austenite  has  reduced  its 
own  carbon  content  to  0.90  per  cent.,  that  of  pearlite.  On 
cooling  past  £/,  the  residual  austenite  changes  abruptly  into 
pearlite,  with  great  evolution  of  heat,  or  in  short  undergoes  the 
recalescence. 

No  further  change  which  we  need  notice  occurs  in  the  further 
cooling;  and  the  cold  steel  consists  of  a  mixture  of  pearlite 
together  with  the  cementite  which  the  austenite  has  generated 
in  the  act  of  reducing  its  own  carbon  content  to  that  of  pearlite 
in  its  cooling  from  L  to  U,  that  is,  in  cooling  through  the  trans- 
formation range. 

When  it  is  again  reheated,  the  pearlite  changes  abruptly 
into  austenite  on  rising  past  the  point  U;  and  this  austenite 
progressively  re-absorbs  the  cementite  which  it  had  generated 
in  the  previous  cooling  down,  completing  this  re-absorption  on 
reaching  the  temperature  Z,,  and  at  higher  temperatures  in 
Region  4  consisting  of  austenite  alone. 

In  short,  the  behavior  of  hyper-  and  hypo-eutectoid  steels 
is  parallel,  the  cementite  of  the  latter  replacing  the  ferrite  of  the 
former. 

12.  Network  or  Walled  Cell  Structure. — In  the  act  of  giving 
birth  to  ferrite  in  cooling  through  the  transformation  range,  each 
grain  of  mother  austenite  of  hypo-eutectoid  steel,  like  mothers 
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in  general,  ejects  its  offspring  to  its  exterior,  and  thereby  con- 
centrates it  primarily  at  its  own  periphery,  that  is  to  say,  in 
and  about  the  joints  which  separate  it  from  the  neighboring 
grains,  and  to  a  less  extent  in  and  about  its  own  cleavages. 
The  ultra-microscopic  particles  of  ferrite  thus  concentrated  into 
these  joints  later  coalesce  so  as  to  form  a  continuous  bounding 
surface  or  cell- wall,  bounding  the  single  grain  of  mother  austenite 
which  had  expelled  it.  Such  walled  cells  are  seen  in  Figs. 
C,  D  and  E  of  Rows  5  and  6,  Plate  III  (page  386).  Thus, 
under  ideal  conditions,  the  kernel  of  each  walled  cell  represents 
a  single  grain  of  austenite,  and  the  shell  or  cell-wall  is  a  party- 
wall  representing  the  ferrite  expelled  by  contiguous  austenite 
grains  during  the  cooling  through  the  transformation  range. 

But  though  much  of  the  ferrite  is  thus  ejected,  some  of  it 
remains  within  the  mother  austenite  grains,  and  gradually 
coalesces,  first  into  islets  large  enough  to  be  seen  under  the 
microscope,  and  later  into  larger  and  larger  islets  as  time  goes  on. 
And  some  of  it  is  concentrated  in  the  cleavages  of  the  mother 
austenite,  and,  later  coalescing  there  into  visible  masses,  dis- 
closes the  octahedral  cleavage  or  VVidmanstiittian  structure  of 
that  austenite.  These  masses  of  ferrite  within  the  boundaries 
of  what  was  a  single  grain  of  austenite  are  easily  mistaken  for 
the  true  party-wall  separating  true  independent  austenite  grains. 

The  ferrite  network  structure  is  most  plainly  seen  in  steel 
which  has  cooled  at  an  intermediate  rate,  as  for  instance  in  the 
air,  yet  not  fast  enough  to  cause  true  hardening  as  in  quenching 
in  water.  (See  Principles  12  to  16,  Paragraphs  34  to  39,  pages 
306  to  310,  and  Proposition  9,  Paragraph  62,  page  355.) 

In  slower  cooling,  the  islets  of  ferrite  within  the  pearlite 
kernels  coalesce  more  and  more,  and  distract  our  attention  from 
the  ferrite  network  or  cell-walls.  Moreover,  the  ferrite  of  those 
walls  in  turn  tends  to  draw  together  or  coalesce,  as  drops  of 
mercury  at  the  bottom  of  a  glass  of  water  do,  and  thus  to 
conceal  the  network  structure;  so  that  in  very  slowly  cooled 
steel  it  is  often  unrecognizable,  especially  if  the  quantity  of  ferrite 
itself  is  large.  Figs.  B  to  £  of  Rows  3  to  8,  Plates  II  and  III, 
show  us  the  microstructure  of  like  pieces  of  like  steel  cooled  at 
different  rates  from  like  temperatures.  In  those  cooled  relatively 
rapidly  in  air  or  fire  clay  from  900°  or  higher  (Rows  5  to  8) 
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the  network  structure  is  very  manifest;  in  those  cooled  extremely 
slowly  in  the  furnace  (Rows  3  and  4)  it  is  hardly  distinguishable. 
Whether  it  still  has  a  strong  influence  on  the  properties  of  the 
steel  even  in  such  cases  remains  to  be  determined.  But  the 
probability  that  it  has  in  those  cases  in  which  it  stands  forth 
prominently  under  the  microscope  is  certainly  strong  enough 
to  warrant  a  careful  study  of  the  question,  and,  as  a  first  step  to 
that  end,  a  study  of  the  conditions  which  determine  the  size  of 
the  walled  cells,  that  is,  the  network  size. 

In  hyper-eutectoid  steels  this  same  network  structure  is 
plainly  seen,  shells  of  free  cementite  which  the  austenite  has 
expelled  from  itself  in  cooling  through  the  transformation  range 
replacing  the  ferrite  shells  of  hypo-eutectoid  steel,  as  shown  in 
Figs.  C  to  F  of  Rows  i  and  2,  Plate  II. 

As  this  network  structure  is  due  to  the  generation  of  ferrite 
or  cementite  by  the  mother  austenite  during  its  approach  to 
the  eutectoid  ratio  of  0.90  per  cent,  carbon  in  its  passag^i  down 
through  the  transformation  range,  steel  which  is  initially  of  this 
carbon  content,  and  hence  generates  neither  ferrite  nor  cemen- 
tite, does  not  acquire  this  network  structure.  It  may  be  in  dis- 
tinct grains,  but  these  grains  are  not  enclosed  in  a  party-wall. 

13.  Grains  and  Walled  Cells. — Here  are  two  units  as  distinct 
structurally  as  a  brick  and  a  brick  wall,  yet  habitually  confused 
and  given  the  same  name,  "grain."  Thus  many  would  call 
each  of  the  several  small  white  spots  in  Figs.  B  of  Rows  3  and  4, 
Plate  II,  a  ''grain,"  and  would  also  call  each  of  the  white- 
bounded  polygons  in  Figs.  24  to  27,  Plate  I,  and  in  Figs.  C,  D 
and  E  of  Rows  5  and  6,  Plate  III,  a  "grain";  yet  these  latter 
are  structurally  of  a  radically  distinct  order,  as  is  seen  on  turning 
to  Fig.  E  of  Row  10,  Plate  IV.  The  polygons  which  I  have  drawn 
in  broken  lines  in  this  last  figure  are  evidently  the  structural 
representatives  of  the  above-mentioned  polygons  in  Figs.  24 
to  27,  whereas  each  of  the  individual  sharp-cornered  white 
islands,  "a,  a,  a,"  in  this  same  figure  is  clearly  the  structural  repre- 
sentative of  the  several  white  spots  in  Figs.  B  of  Rows  3  and  4, 
Plate  II.  So  that  those  white  spots  and  these  white-bounded 
polygons,  though  called  by  the  same  name,  represent  structural 
units  of  different  orders. 

Again,  one  who  had  before  him  Fig.  19,  Plate  I,  or  Figs.  B 
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and  C  of  Row  ii,  Plate  IV,  would  naturally  regard  as  a  "grain" 
each  of  the  dark  masses  which  is  semi-enclosed  and  well  outlined 
by  the  discontinuous  white  spots;  but  if  he  had  before  him  only 
the  lower  right-hand  corner  of  Fig.  C  of  Row  ii,  he  would  be 
likely  to  call  each  of  the  white  spots  a  "grain  ";  so  that  the  word 
"grain"  would  be  applied  to  structural  units  of  a  different  order 
according  to  whether  the  observer  had  the  whole  or  only  one  part 
of  this  figure  before  him. 

For  my  present  purpose  it  is  necessary  to  distinguish 
sharply  between  these  units,  and  hence  to  propose  names  that 
will  serve  this  end  at  least  as  a  temporary  expedient.  My 
first  thought  was  to  call  the  walled  polygons  "  cells  "  and  the  spots 
"grains";  but  these  grains  are  themselves  in  a  sense  "cells," 
for  though  many  animal  cells  like  my  walled  polygons  consist  of 
a  nucleus  and  an  envelope,  yet  this  envelope  is  not  necessary 
to  cell-hood.  Then,  again,  there  are  the  cells  in  steel  which 
collectively  make  up  a  single  grain  which  has  uniform  orientation 
throughout.  To  these  the  name  "cell"  is  not  only  appropriate 
but  already  attached.* 

To  call  the  walled  polygons  "  phasno-cellular "  and  the 
white  spots  "crypto-cellular  "  is  cumbersome  and  seems  pedantic. 
For  lack  of  a  better  plan  I  propose  to  call  the  walled  polygons 
"walled  cells"  and  the  white  spots  specifically  "grains." 

It  is  quite  true  that  my  white  spots  may  in  certain  cases 
have  some  sort  of  wall;  indeed  there  may  always  be  some 
rudiment  of  an  envelope;  and  hence  they  might  in  a  sense  be 
called  "walled  cells."  It  is  also  true  that  my  walled  cells  are 
derived  from  the  splitting  up  of  what  may  well  be  called  a 
"grain"  of  austenite  into  the  envelope  and  nucleus  or  kernel, 
so  that  this  latter  might  be  called  a  "grain"  of  pearlite.  I 
recognize  these  objections  to  my  plan;  but  as  I  cannot  express 
my  thoughts  without  some  terminology,  and  as  I  have  thought 
of  no  better,  I  proceed  to  use  this  as  a  temporary  tool,  with  my 
gratitude  stored  up  for  the  inventor  of  a  better. 

It  remains  to  be  seen  whether  the  need  of  distinguishing 
between  these  entities  is  going  to  be  urgent  enough  to  warrant 
burdening  our  language  with  special  permanent  names. 


i,  L«  lUehcrohM  d«  O.  CarUud.  Rmu  d«  UttaUwiit,  ittmoirts.  Vol.  4,  1007, 
p.  laa. 
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Temporary  Definitions. — By  a  "walled  cell"  I  refer  to  the 
composite  structure  formed  during  the  transformation,  with 
a  kernel  or  nucleus  representing  a  grain  of  austenite,  and  an 
envelope,  cell-wall,  or  shell,  representing  the  ferrite  or  cementite 
born  of  that  austenite  during  the  transformation.  But  we  must 
include  here  the  walled  cells  which  form  during  solidification, 
with  a  cell-wall  impoverished  in  carbon  and  a  nucleus  or  kernel 
enriched  in  carbon.*  In  the  present  paper  I  shall  have  little 
occasion  to  consider  these  sohdification  walled  cells. 

A  "network"  is  an  assemblage  of  such  walled  cells,  and 
"network  size"  refers  to  the  average  size  of  the  walled  cells 
which  make  up  the  network. 

By  a  "grain"  I  mean  specifically  one  of  the  individual 
grains  of  ferrite  or  cementite,  austenite,  martensite,  or  pearlite, 
not  only  in  specimens  in  which  "grain"  could  have  no  other 
meaning  because  of  the  absence  of  traceable  network-structure, 
but  also  in  reticular — that  is,  network-bearing — specimens. 

In  these  latter  "grain  size"  refers  to  the  average  size  of  the 
ferrite  or  cementite  grains,  including  both  those  which  occur 
within  the  individual  kernels  and  those  which  form  part  of  the 
walls  of  those  cells.  When,  as  in  Figs.  C  and  D  of  Rows  5  to  8, 
Plate  III,  the  cell-walls  are  continuous  or  nearly  so,  the  grain 
size  may  be  very  difficult  to  make  out,  because  we  cannot  tell 
readily  where  the  grain  boundaries,  as  distinguished  from  the 
walled-cell  boundaries,  lie  in  these  continuous  shells.  In  other 
cases,  such  as  that  shown  in  Fig.  19,  Plate  I,  the  individual 
grains  of  ferrite  even  in  well-marked  cell-walls  can  readily  be 
distinguished. 

Strictly  speaking,  a  ferrite  "grain"  is  a  mass  of  uniform 
orientation  throughout.  To  determine  the  true  size  of  these 
grains  we  cannot  rely  on  the  common  method  of  etching  with 
nitric  acid,  because  each  of  the  several  boundaries  thus  outlined 
may  contain  several  different  true  grains  each  with  its  own 
orientation.  To  distinguish  these  from  each  other  special 
precautions  are  needed.  In  discussing  ferrite  grain  size  I  have 
in  general  confined  myself  to  pre-existing  data.  We  must 
remember  that  those  data  were  reached  generally  without  such 
precautions.     Yet  for  all  that  we  now  know  the  apparent  grain 
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376  Howe  on  Structure  of  Steel. 

size  may  be  as  true  an  index  of  the  quality  of  the  steel  as  the  true 
grain  size. 

A  grain  of  marteiisite  as  in  Figs.  19  and  24  to  27,  Plate  I,  or 
of  pearlite  as  in  Figs.  C  to  F  of  Rows  i  and  2,  Plate  II,  is  likely  to 
form  the  whole  kernel  of  a  walled  cell;  whereas  a  grain  of  ferrite 
is  likely  to  form  a  small  fragment  of  the  wall  of  such  a  cell,  or 
of  an  island  of  ferrite  within  the  cell,  or  of  such  an  island  in  the 
absence  of  cellular  structure. 

As  we  shall  see  later,  it  is  the  grain  growth  of  the  austenite 
in  and  more  especially  above  the  transformation  range  that 
causes  the  coarsening  of  the  network,  or  in  other  words  the 
growth  of  the  walled  cells. 

The  ferrite  and  cementite  interstratified  as  pearlite  I  call 
"pearlitic"  to  distinguish  them  from  the  ferrite  or  cementite 
generated  by  the  austenite  in  cooling  through  the  transformation 
range,  which  I  call  "free."  The  more  accurate  name  "pro- 
eutectoid"  is  too  cumbersome  for  the  present  purpose.  The 
main  subjects  of  this  paper  are  the  network,  whether  of  free 
ferrite  or  free  cementite,  and  the  ferrite  grains,  which  also  are 
primarily  of  free  ferrite;  and  hence  it  is  to  the  free  state  that  I 
refer  in  general,  unless  the  contrary  is  indicated.  This  seems 
so  clear  from  the  context  that  I  have  spared  the  reader  and 
myself  endless  repetitions  of  the  word  "free." 


PART  II.— PRINCIPLES  UNDERLYING  THE  STRUCTURAL 
CHANGES. 

14.  Introductory. — After  setting  forth  in  Sections  15  to  48 
certain  theories  and  hypotheses  as  to  the  causes  of  the  structural 
changes  in  carbon  steel,  in  the  form  of  twenty-four  principles, 
I  will  enunciate  in  Part  III  (page  324)  twenty-three  propositions 
which  seem  to  govern  these  changes.  I  have  taken  the  unpopular 
step  of  including  among  both  principles  and  propositions  some 
which  are  far  from  being  proved,  indeed  some  which  are  only 
conjectures,  believing  that  the  formulation  even  of  very  imperfect 
knowledge  paves  the  way  for  its  extension,  and  that  such  for- 
mulation is  harmful  only  when  it  conceals  the  weakness  of  its 
foundations,  and  because  it  exposes  its  author  to  the  censure  of 
tbe  superficial  and  captious,  which  we  may  well  endure.     The 
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antecedent  probability  of  some  of  these  unproved  things  warrants 
using  them  as  working  hypotheses. 

The  matter  most  difficult  to  explain  is  the  fact  that  the 
distribution  of  the  ferrite  and  cementite,  which  form  during  slow 
cooling  through  the  transformation  range,  is  so  profoundly 
affected  by  ante-natal  conditions,  that  is  to  say.  by  the  temper- 
ature reached  and  the  length  of  exposure  above  that  range, 
namely,  in  Region  4,  at  a  time  when  that  ferrite  does  not  exist. 
I  have  set  forth  certain  principles  which  seem  to  me  to  explain 
it  reasonably,  and  under  the  several  laws  I  have  tried  to  test 
these  principles  partly  by  my  own  results  but  chiefly  by  those 
of  others.  These  ante-natal  conditions  affect  profoundly  the 
distribution  of  the  ferrite  and  cementite  as  cell-walls  and  as 
independent  islands;  the  size  of  this  network  structure,  that  is, 
of  these  walled  cells  and  of  these  islands;  the  quantity  of  free 
ferrite  which  coagulates  into  visible  masses;  and  the  massing  of 
that  ferrite  into  parallel  bands. 

15.  Principle  i. — Grain  growth  represents  coalescence,  that 
is  to  say  merging.  Whereas  before  their  coalescence  each  of 
two  adjacent  grains  had  its  own  crystalline  orientation,  so  that 
the  boundary  between  them  was  little  more  than  a  line  parting 
two  regions  of  different  orientation,  different  cleavage,  etc., 
after  the  coalescing  the  two  areas  have  the  same  orientation 
and  the  boundary  between  them  has  ceased  to  exist.  We 
naturally  infer  that  this  identity  of  orientation  is  brought  about 
by  the  conquest  of  the  weaker  by  the  stronger,  or  by  the  par- 
titioning of  the  weaker  among  its  stronger  neighbors,*  so  that 
the  grain  which  has  the  more  perfectly  organized  crystalline 
structure,  or  which  for  some  other  cause  has  the  upper  hand, 
imposes  its  structure  on  the  other  or  on  the  neighboring  parts 
of  the  other,  dragoons  the  weaker  into  abandoning  its  own 
initial  crystalline  orientation  and  accepting  instead  the  orienta- 
tion of  its  victor.  Or  the  new  grain  may  have  a  new  orientation 
of  its  own,  independent  of  those  of  the  elder  grains  or  grain- 
fragments  by  the  merging  of  which  it  has  come  into  being. 

Ewing  and  Rosenhuin's  theory, f  most  seductive  in  spite  of 
its   serious   difficulties,    explains   this   merging   electrolytically, 

•  Guertler.  MetallographU,  1910,  p.  161. 

t  "  The  Metallographist,"  Vol.  s.   1902.  pp.   103-109,  from   Philosophical   TransaaioHS, 
Royal  Society,  Vol.  195,  p.  ayp. 
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holding  that  between  grains  which  are  in  apparent  contact  there 
is  still  an  undetectable  partition  of  solid  but  somewhat  mobile 
eutectic,  which  serves  as  an  electrolyte.  Through  this,  because 
of  minute  differences  of  potential,  the  metal  from  the  conquered 
grain  passes  to  the  conquering  grain,  so  that  the  boundary  line 
shifts  progressively  across  the  conquered  grain  to  its  further  side, 
or  till  it  meets  the  similarly  inward  travehng  boundary  of  that 
further  side.  The  transfer  may  not  absolutely  need  electrolytic 
help,  but  may  conceivably  be  due  to  difference  between  adjacent 
grains  in  their  solution  pressure  toward  this  undetectable  eutectic 
film,  a  difference  easily  expUcable  by  a  mere  difference  in  orien- 
tation of  those  grains.  The  ultimate  crystalline  particles  in 
grain  A  may  present  their  apexes  (corners)  to  the  eutectic  part- 
ing, those  of  grain  B  may  present  their  flat  faces,  and  this  dif- 
ference may  lead  to  a  difference  in  solution  pressure  sufficient 
to  account  for  the  extremely  slow  movement  across  this  ultra- 
microscopic  parting. 

The  apparent  reason  for  the  existence  of  this  theory  is  its 
authors'  striking  observation  that  the  grain  growth  of  certain 
metals  docs  not  occur  in  castings,  but  only  in  rolled  and  other- 
wise overstrained  masses.  This  they  explain  by  supposing  that 
the  overstrain  breaks  the  eutectic  parting  in  places,  bringing 
grain  against  grain,  thus  setting  up  an  electrolytic  circuit,  the 
grain-to-grain  contact  representing  the  usual  metallic  conductor 
outside  the  electrolyte,  and  the  film  of  eutectic  representing  the 
usual  electrolyte.  This  theory  is  supported  by  their  observation 
that  in  lead  a  weld  is  a  barrier  which  growing  grains  will  not 
bridge  unless  it  contains  eutectic.     (See  note,  page  379.) 

Difficulties  at  once  suggest  themselves,  for  instance  (i)  that 
the  particles  of  the  eutectic  itself,  for  example,  the  pearlitic  fer- 
rite,  differ  from  common  electrolytes  in  being  excellent  conduc- 
tors, so  that  the  electrolyte  is  self-bridging,  and  that  even  if 
the  envelopes  were  not  broken  by  overstrain,  local  electrolysis 
ought  to  go  on  all  along  the  parting  through  microscopic  cir- 
cuits. (2)  It  is  rather  hard  to  admit  that,  even  in  metals  of 
a  high  degree  of  purity  and  when  their  grains  are  initially  line, 
there  is  invariably  enough  eutectic  to  form  continuous  envelopes 
about  the  grains,  a  continuity  which  this  theory  requires  in 
order  to  explain  the  ob.scrvcd  absence  of  growth  in  unstrained 
I.  (3)  The  grain  growth  on  overheating  is  marked,  both 
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in  steel  castings  and  in  electrolytic  cathode  iron,  such  as  is 
shown  in  Table  IV a  (page  350),  in  both  cases  in  the  apparent 
absence  of  overstrain,  (4)  So,  too,  with  the  free  ferrite  born 
in  cooling  through  the  transformation  range,  and  the  austenite 
born  in  rising  through  that  range.  In  both  cases  the  manner  of 
birth  seems  to  preclude  the  idea  of  overstrain;  they  are  congeni- 
tally  strainless;  but  in  both  cases  grain  growth  at  appropriate 
temperatures  is  very  marked. 

It  may  be  possible  to  meet  these  difficulties  by  taking  the 
somewhat  broader  point  of  view  which  I  suggest,  that  grain 
growth  will  occur  whenever  the  conditions  permit  electrolysis; 
that  though  the  rupture  of  very  thin  envelopes  may  be  one  of  the 
conditions  favoring  electrolysis,  it  need  not  be  a  necessary  con- 
dition; that,  after  all,  the  two  main  elements  are  difference  of 
potential  and  resistance;  and  that  either  an  increase  of  the  former 
or  a  decrease  of  the  latter  may  suffice. 

Though  in  simple  masses  like  lead  the  connection  between 
anode  and  cathode  needed  to  permit  electrolysis  may  be  given 
only  by  envelope  rupture,  in  composite  masses  like  steel  it  may 
be  supplied  by  the  usual  dendritic  structure  of  the  mass  as  a 
whole,  neighboring  twigs  being  in  fact  connected,  horse-shoe- 
wise,  through  the  larger  boughs.  The  stronger  difference  in 
potential  needed  for  enabling  electrolysis  to  cross  the  wide  spaces 
present  in  steel  may  be  supplied  by  the  greater  differences  in 
composition.  In  the  cold  metal  there  is  the  great  difference  in 
potential  between  ferrite  and  cementite,  between  alpha  iron  and 
the  allotropic  iron  which  may  survive  even  a  relatively  slow  cool- 
ing, and  between  neighboring  ferrite  branches  differing  in  their 
manganese  content.  In  the  hot  metal  above  the  transformation 
range  there  are  the  uneffaced  differences  in  carbon  content 
which,  aided  perhaps  by  the  presence  of  slag,  manganese  sulphide, 
and  other  inert  barriers,  have  survived  diffusion. 

Indeed,  we  may  well  experiment  to  learn  in  what  propor- 
tion the  grain  growth  induced  by  overstrain  may  be  due  to  its 
rupturing  the  eutectic  envelopes,  and  in  what  proportion  to  its 
exaggerating  the  difference  of  potential  by  setting  up  the  amor- 
phous hard  state  of  the  metal,  even  in  simple  masses  like  lead. 

It  is  in  agreement  with  this  conception  that  the  grain-growth 
of  austenite  is  the  slower  the  less  the  carbon  content,  and  the 
less,  consequently,  is  the  initial  or  congenital  heterogeneousness 
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of  that  austenite,  and  the  less  the  residual  heterogeneousness 
surviving  a  given  opportunity  for  diffusion.  In  the  nearly  pure 
and  congenitally  strainless  electrolytic  cathode  iron  in  which 
I  found  decided  grain  growth  at  1300°,  congenital  heterogeneous- 
ness may  be  supplied  in  the  form  of  residual  concentration  of 
hydrogen  or  other  impurity  at  the  cell  boundaries. 

In  a  word,  in  these  congenitally  strainless  masses  uneffaced 
congenital  heterogeneousness  may  take  the  place  of  overstrain 
in  supplying  conditions  favoring  electrolysis  and  thus  inducing 
grain  growth. 

We  need  not  fall  into  the  familiar  error  of  excluding  all 
prior  causes  when  we  admit  a  new  one.  Yet  in  view  of  the 
striking  evidence,  especially  the  familiar  hastening  of  grain 
growth  by  overstrain,  we  may  provisionally  accept  electrolytic 
action  as  a  strong  accelerator  of  grain  growth,  and  as  in  some 
cases  necessary  to  it. 

Two  facts  suggest  that  coalescence  is  rather  by  the  merg- 
ing of  whole  grains  than  by  the  partitioning  of  individual 
grains  among  their  neighbors.  First,  such  partitioning  would 
be  likely  to  yield  nearly  equiaxed  grains,  whereas  simple  merging 
would  yield  grains  of  most  irregular  shape,  and  in  particular 
with  very  unequal  axes.  In  fact  the  ferrite  grains  reached  by 
growth  at  high  temperatures  are  often  very  much  longer  than 
wide,  and  of  shapes  so  distorted  and  fantastic  as  strongly  to 
suggest  erratic  merging  rather  than  partitioning.  Joisten's 
Figs.  491,  492,  and  493  illustrate  this  strikingly.* 

Second,  when  a  poUshed  steel  strip  of  low-carbon  (0.125) 
steel  was  held  by  Osmond  and  Cartaud  for  a  long  time  in  Region 
4  in  a  stream  of  hydrogen,  and  again  cooled  slowly,  four  distinct 
sets  of  network  could  be  traced,  of  which  three  were  effaced  by 
etching,  while  the  fourth  was  deepened,  showing  that  it  repre- 
sents the  final  or  existing  structure,  f    The  surface  of  this  strip 

•  U*Mitirti*,  Vol.  7.  IQIO,  facing  p.  458. 
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after  this  heating  is  shown  in  Fig.  16,  Plate  I.  The  existence  of 
the  four  networks  shows  that,  as  each  network  forms,  it  causes 
on  the  polished  surface  a  certain  movement,  the  traces  of  which 
persist.  When  we  consider  the  distinct  transformations  which 
must  occur  in  heating  up  and  cooling  down  through  the  trans- 
formation range,  we  are  surprised  that  the  number  of  networks 
is  so  small.  In  this  case  the  polished  steel  was  held  in  hydrogen 
for  two  hours  between  1150°  and  1200°,  approximately. 

If  we  may  judge  by  the  very  rapid  grain  growth  of  the  aus- 
tenite  at  this  temperature  indicated  by  my  Figs.  E  of  Rows  2,  4, 
and  6,  Plates  II  and  III,  very  many  successive  increments  of  the 
grain  size  must  have  occurred  during  these  two  hours.  If  the 
growth  is  by  partitioning,  this  implies  a  large  number  of  succes- 
sive partitionings,  each  of  which  should  have  left  its  trace  in  the 
form  of  a  distinct  network,  so  that  a  great  number  of  networks 
should  remain,  instead  of  the  small  number,  four,  actually  found. 
But  if  the  grain  growth  was  by  simple  absorption  or  merging 
without  partitioning,  then  each  step  in  the  growth  would  occur 
without  setting  up  any  new  network,  just  as  the  partitioning 
of  Poland  set  up  new  boundaries  on  the  map  of  Europe,  but 
neither  the  Germanic  nor  the  Italian  unification  need  have 
created  any  new  ones.  From  the  small  number  of  networks 
actually  present  in  M.  Osmond's  specimen  after  his  two- hour 
heating,  I  incline  to  the  theory  that  the  successive  steps  of 
grain  growth  occurred  for  the  most  part  without  setting  up 
new  boundaries,  that  is,  by  simple  merging  as  distinguished  from 
partitioning. 

This  evidence  is  at  best  only  suggestive.  The  growth  of  a 
grain  according  to  the  Ewing  and  Rosenhain  theory,  the  pro- 
gressive shifting  of  its  border  across  the  neighboring  grain,  would 
have  no  distinct  stages  which  could  leave  their  traces;  and  on 
this  theory  even  the  four  networks  of  Osmond  and  Cartaud 
require  explanation. 

16.  Principle  2.  Contact  and  Migratory  Grain  Growth. — 
When  the  mass,  instead  of  being  a  composite  or  granitic  one  like 
medium-carbon  steel,  Figs.  19  to  28,  Plate  I,  consists  of  a  single 
chemically  homogeneous  substance,  hke  the  grains  of  the  ice 
from  pure  distilled  water,  or  those  of  nearly  carbonless  steel,  Figs. 
F  and  G  of  Row  12,  Plate  IV,  or  of  austenite  when  in  Region  4, 
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or  of  unalloyed  gold,  the  coalescence  is  that  of  grains  initially  in 
complete  contact  with  each  other.  When  such  a  grain  loses  its 
existence  and  is  absorbed  by  its  neighbors  or  partitioned  among 
them,  no  migration  of  its  particles  need  occur.  Instead,  each 
particle  by  simple  rotation  about  some  axis,  that  is,  by  polari- 
zation, adopts  the  orientation  of  the  grain  with  which  it  merges. 
This  may  be  called  polarizing  or  contact  coalescence.  The  the- 
ory of  Ewing  and  Rosenhain  complicates  this  conception  slightly, 
by  implying,  between  the  abandonment  of  the  initial  orientation 
and  the  adoption  of  the  final,  the  intermediate  step  of  crossing 
the  supposed  parting  which  separates  even  the  grains  which  are 
apparently  in  direct  contact. 

In  steels  containing  any  considerable  quantity  of  carbon, 
the  various  grains  of  ferrite  are  more  or  less  separated  from  each 
other  by  the  intervening  pearlite;  and  when  the  carbon  con- 
tent reaches  about  0.75  per  cent,  this  separation  may  come  to 
look  like  complete  isolation  of  ferrite  grain  from  grain,  somewhat 
as  shown  in  Fig.  19,  Plate  I.*  That  grains  which  look  thus 
initially  isolated  do  grow,  and  hence  do  merge  in  spite  of  their 
apparent  isolation,  is  perfectly  certain,  because  after  bringing 
such  steel  to  the  state  of  an  emulsion  so  fine  that  its  different 
constituents  cannot  be  distinguished  from  each  other  even  on 
the  strongest  magnification,  its  particles  of  ferrite  can  be  caused 
to  coalesce  into  larger  and  larger  visible  islets  by  long  heating 
below  the  transformation  range.  But  the  merging  of  different 
particles  initially  thus  separated  clearly  implies  that  they  must 
migrate,  that  is,  be  translated.  This  form  of  coalescence  may 
be  called  migratory  to  distinguish  it  from  simple  contact  coales- 
cence. Clearly  the  presence  of  even  the  relatively  small  quantity 
of  pearlite  shown  in-  Figs.  A  to  E  of  Rows  3  and  4,  Plate  II, 
implies  that  the  coalescence  of  neighboring  grains  of  ferrite  oc- 
curs through  movement  over  a  relatively  long  distance,  and 
hence  it  must  be  in  large  part  migratory. 

Though  on  the  theory  of  Ewing  and  Rosenhain  this  difference 

*  TIm  ttMl  which  thia  micrograph  actually  rcprcsenti  had  0.40  per  rent,  of  cariion  and 
had  bara  qOMMlMd  from  within  the  tranaformotion  ranse,  and  hence  the  ground  mawi  la  not 
pMfttU  but  probftbly  trooatit*.  But  it  aervca  to  ahow  thia  apparent  isolation  of  grains  of  ferrite 
by  AB  «>cloatm  ground  msM.  Such  isolation  l)y  pearlit«  itaelf  ia  ahown  by  Heyn  in  his  Fig. 
196,  Mlkroakopitcb*  Uotwmcbang.  Vtrkandlmmtn  du  Vtr$int  »ur  Bt/ordtru*t  (Us  Gtwtrlh 
fttum,  1904,  Tafcl  XIX. 
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might,  strictly  speaking,  be  called  one  of  degree,  yet  the  diiference 
of  degree  is  usually  so  great  as  to  be  in  effect  one  of  kind.  The 
resistance  to  electrolysis  through  the  wide  inter-insular  spaces 
shown  in  Fig.  19  exceeds  so  greatly  that  through  the  indetectably 
narrow  eutectic  partings  supposed  to  separate  ferrite  grains 
apparently  in  contact,  that  the  dominant  cause  of  merging  may 
be  surface  tension  in  the  former  case  and  electrolysis  in  the  latter. 

In  order  that  our  terms  may  include  this  theory,  we  must 
understand  that  the  word  contact  is  not  necessarily  restricted  to 
its  strictest  sense,  but  includes  the  sense  in  which  we  say  that  two 
men  come  into  violent  contact;  their  bodies  are  in  fact  parted 
by  their  clothing,  yet  for  most  purposes  the  contact  is  quite 
as  effective  as  if  their  clothing  were  lacking.  Indeed,  in  most 
cases  of  apparent  contact  there  may  be  an  undetectably  thin 
film  of  air,  oxide,  etc.  Migratory  coalescence  applies  to  the 
coalescence  of  bodies  initially  parted  by  a  considerable  distance, 
migration,  whether  of  birds  or  tribes,  properly  implying  a  long 
distance  travel,  in  contrast  to  the  contact  coalescence  of  bodies 
initially  in  contact,  either  in  its  strictest  sense  or  in  the  looser 
sense  in  which  the  jostling  passer-by  comes  into  contact  with  me. 

It  is  extremely  probable  that  under  like  conditions  migratory 
is  much  Icbs  rapid  than  contact  coalescence. 

17.  Principle  j.  Migratory  coalescence  does  not  imply  thai 
completely  isolated  particles  push  aside  the  intervening  matter  to 
reach  each  other. — Our  first  impression  is  that  this  migratory 
coalescence  of  ferrite  particles  which,  as  seen  under  the  micro- 
scope, are  completely  isolated  from  each  other,  implies  that  they 
must  travel  through  and  across  the  intervening  pearlite  or 
cementite,  forcing  it  aside  as  a  swimmer  forces  the  water  aside, 
moved  not  by  surface  tension,  but  by  some  attraction  like  gravi- 
tation or  magnetism,  by  means  of  which  a  body  exerts  an  influ- 
ence on  others  which  it  does  not  actually  touch. 

But  while  we  can  readily  understand  that,  if  two  ferrite 
particles  touch  even  at  a  single  point,  surface  tension  should 
draw  them  together  into  a  single  islet,  and  that  in  thus  spheroid- 
izing  they  should  incidentally  displace  some  of  the  adjoining 
cementite,  it  is  less  easy  to  understand  how  two  completely 
isolated  ferrite  particles  can  push  aside  the  cementite  which 
parts  them.     For  they  have  no  mechanism  comparable  with 
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the  swimmer's  legs  which  should  propel  them  through  so  rela- 
tively hard  and  viscous  a  substance  as  steel  at  650°  C,  at  which 
temperature  this  coalescence  is  relatively  rapid.  On  reflection 
we  incline  to  dismiss  this  conception  as  one  which  offers  a  wholly 
needless  difficulty,  and  to  assume  as  a  working  hypothesis,  that 
there  is  no  such  swimming  of  initially  perfectly  isolated  ferrite 
particles  through  the  resistant  cementite  to  unite  with  each 
other;  but  that,  on  the  contrary,  all  these  coalescing  ferrite 
particles  are  either  initially  connected  directly  or  indirectly, 
or  else  are  brought  into  contact  through  natural  convections  due 
to  simple  mechanical  means. 

18.  Let  a  simile  explain  this.  If  we  were  to  set  a  small 
pine  or  hemlock  tree  in  a  vat,  fill  the  vat  with  thin  opaque 
molten  wax,  allow  the  wax  to  solidify,  and  then  cut  sections  at 
random  through  it,  each  section  would  cut  apparently  isolated 
spots  of  wood.  Yet  in  fact  each  spot  is  connected  with  every 
other  spot  by  means  of  the  unseen  parts  of  the  tree.  So  with 
the  apparently  isolated  particles  of  ferrite.  But  in  fact  the 
conditions  in  any  hypo-eutectoid  steel  are  incomparably  more 
favorable,  and  the  more  so  the  lower  the  carbon  content.  For 
instead  of  occupying  a  small  fraction  of  the  total  volume  as  our 
supposed  pine  tree  does,  the  free  ferrite  occupies  a  space  which 
varies  from  44  per  cent,  of  the  whole  in  a  0.50-per  cent,  carbon 
steel  to  89  per  cent,  in  a  o.io-per  cent,  carbon  steel.  Hence 
it  is  reasonable  to  suppose  that  a  very  large  proportion  of  the 
apparently  separate  ferrite  islands  are  in  fact  connected  together 
dendritically  outside  of  the  plane  of  the  microsection. 

But  the  case  is  still  more  favorable,  because  of  the  fact  that 
the  pearlite  which  separates  the  ferrite  islands  is  itself  nothing 
but  a  ferrite  sponge,  with  interstices  filled  with  cementite  in  the 
ratio  of  one  of  cementite  to  six  of  ferrite.  Hence,  should  there 
be  any  ferrite  islands  which  are  initially  out  of  contact  with  all 
others,  they  are  in  fact  connected  with  those  others  by  the  ferrite 
which  forms  the  great  bulk  of  the  pearlite  which  alone  parts  them, 
the  pcarlitic  ferrite.  That  the  ferrite  of  the  pearlite  is  disposed  in 
such  a  way  as  thus  readily  to  bridge  across  from  one  island  to 
another  is  shown  by  a  remarkable  photograph  of  Heyn's,*  Fig. 

*  VtrhaiMmmttn  d*t  VirtinM  tmr  B«/Ofd»umt  dti  GnnrbJMsiu,  1004,  pp.  355-397.  Pig-  5^< 
TaMVIL 
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13,  Plate  I,  and  also  by  a  famous  one  of  Osmond's  *  which  I  do 
not  reproduce. 

In  this  view  the  gradual  coalescence  of  the  ferrite  islands 
may  be  referred  first  to  the  surface  tension  along  the  unseen 
ferrite  branches  beyond  the  plane  of  the  microscopic  section; 
and  second,  to  the  surface  tension  between  the  free  ferrite  islands 
and  the  pearlitic  ferrite. 

This  line  of  thought  explains  readily  the  apparently  greater 
persistence  of  the  cementite  cell-walls  of  hyper-eutectoid  steel 
than  of  the  ferrite  cell-walls  of  hypo-eutectoid  steel  indicated 
in  Propositions  9  and  10,  Paragraphs  62  and  63,  pages  355  to 
357.  The  break-down  of  the  network  structure  of  the  latter  is 
aided  by  the  solder-like  action  of  the  ferrite-sponge  of  which  the 
pearlite  grain-kernel  really  consists;  whereas  the  break-down  of 
the  cementite  walls  is  not  so  aided,  because  of  the  sparseness  of 
the  cementite  in  that  pearUte. 

Additional  convections  which  aid  this  coalescence  readily 
suggest  themselves.  The  assumed  expulsion  of  the  ferrite 
from  the  mother  austenite  in  cooUng  through  the  transformation 
range  is  such  a  convection.  Where  the  emigrating  particles 
of  ferrite  jostle  they  unite.  Again,  the  drawing  together  of  the 
ferrite  branches  under  the  influence  of  surface  tension,  their 
spheroidizing,  is  a  further  cause  of  convection,  like  that  which 
occurs  when  drops  of  oil  suspended  in  water  coalesce.  The 
internal  movements  which  this  drawing  together  involves  may 
well  lead  to  establishing  contact  between  any  truly  isolated 
ferrite  mass  and  at  least  one  of  its  neighbors.  Still  again,  the 
progressive  coalescence  of  the  constituents  of  the  pearlite  from 
their  initial  state  of  emulsion  to  that  of  lamellar  pearlite  is 
another  source  of  convection. 

It  is  in  accord  with  these  ideas  that  the  lower  the  carbon 
content  the  more  easy  and  rapid  should  the  grain-growth  be, 
because  the  carbon  is  present  either  as  pearlite,  or  in  very-low- 
carbon  steel  often  as  divorced  cementite.  Each  of  these  acts 
qualitatively  as  a  foreign  body  to  separate  the  adjoining  grains 
of  ferrite,  and  thus  to  prevent  the  easiest  form  of  coalescence, 

*  Contribution  d  I'Etude  dcs  AUiages,  Paris.  1901.  Fig.  2,  facing  p.  288;  Microscopic 
Analysis  of  Metals,  London,  1904.  Fig.  42,  p.  84.  This  specimen  is  of  hyper-eutectoid  sted. 
but  It  serves  to  show  how  well  the  structure  of  pearlite  Is  adapted  to  this  bridging. 
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the  contact  form,  that  of  grains  in  contact,  which  consists  in  one 
grain's  adopting  the  orientation  of  its  neighbor  without  the 
migration  of  any  molecule  of  either  grain.  The  less  the  carbon 
content,  the  less  this  mechanical  obstruction. 

In  many  cases  migratory  coalescence  may  be  aided  by 
solution  and  re-concentration.  For  instance,  when  large  and 
small  particles  of  salt  lie  together  at  the  bottom  of  a  brine,  the 
solvent  power  of  the  brine  for  the  smaller  particles  is  greater 
than  for  the  larger  ones.*  Hence,  though  the  brine  may  be 
saturated  as  regards  the  larger  particles  it  may  not  be  as  regards 
the  smaller  ones,  which  therefore  progressively  re-dissolve  in 
the  brine,  to  be  re-precipitated  upon  their  larger  neighbors. 
Thus  the  grain-size  progressively  increases  and  the  number  of 
grains  progressively  decreases,  till  theoretically  all  should  be 
reduced  to  a  single  grain.  This  indeed  reminds  us  that  meteors 
habitually  consist  of  a  single  grain.  This  principle  may  con- 
tribute here,  and  so  may  the  electrolytic  action  of  Ewing  and 
Rosenhain,  even  when  the  separation  is  wide. 

19.  Coalescence  of  Constituefits  of  Pearlite. — A  special  phase 
of  coalescence*  is  the  divorcing  or  disen twining  of  the  twin  con- 
stituents of  pearUte,  like  that  of  other  eutectoids  and  eutectics, 
into  separate  masses  of  free  ferrite  and  free  cementite.  It  is 
perfectly  certain  that  each  of  the  constituents  of  the  pearlite 
does  coalesce  in  the  complete  absence  of  either  free  ferrite  or 
free  cementite,  as  for  instance  in  steel  which  is  exactly  eutectoid. 
As  the  pearlite  is  first  generated  its  particles  are  so  minute  as  to 
be  indistinguishable  with  the  strongest  magnification,  and  it  is 
then  called  sorbite  or  troostite.  With  longer  and  longer  exposure 
to  temperatures  between  600°  and  say  730°,  at  which  the  metal 
has  considerable  mobility,  this  sorbite  passes  into  the  stage  of 
granular  pearlite.  Given  sufficient  time  there  can  be  Httle  doubt 
that  its  constituents  would  eventually  form  a  single  mass  of 
ferrite  and  another  of  cementite.  Goerens  gives  casts  in  which 
this  coalescence  has  gone  far. 

The  ultra-slow  cot)!ing  after  the  cementation  process  alTords 
an  excellent  opportunity  for  this  divorce  of  the  constituents  of 
pearlite.    Thus  Arnold's  micrograph  of  blister  steel  of  eutectoid 

•  Bmfflkk*,  UtMturtU.  Vol.  3,  lOoA.  p.  4-10;  *Iik)  Hulett,  Z*iUchrifl  fAr  PhyukaUscht 
U  Vol.  J7.  tgoi.  pp.  i»s-  406- 
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carbon  content,  0.90  per  cent.,  shows  that  a  considerable  part 
of  the  ferrite  and  cementite  respectively  of  its  pearlite  have 
parted  company,  each  to  ball  up  by  itself.* 

In  a  hypo-eutectoid  steel  the  pearlite  is  in  contact  with 
more  or  less  free  ferrite;  and  the  observed  fact  that  the  ferrite 
initially  present  as  part  of  the  pearhte,  as  it  disentangles  itself 
from  the  cementite  with  which  it  is  intertwined,  coalesces  with 
that  free  ferrite,  is  only  what  we  ought  to  expect.  Stead's 
observation!  that  this  disent wining,  and  the  coalescing  of  the 
ferrite  thus  freed  with  the  ferrite  initially  free,  are  the  more 
complete  the  larger  the  quantity  of  this  initially  free  ferrite,  is 
only  natural;  because,  as  the  quantity  of  this  free  ferrite 
increases,  so  does  the  size  of  the  pearlite  masses  between  decrease. 
The  smaller  they  are,  and  consequently  the  smaller  the  distances 
to  be  covered,  the  faster  should  the  disentwined  ferrite  coalesce 
with  the  initially  free  ferrite,  and  put  an  end  to  its  own  separate 
existence. 

It  is  but  natural  that  the  disentwining  by  surface  tension 
should  be  faster  in  the  immediate  neighborhood  of  the  initially 
free  ferrite  islands,  because  here  the  surface  tension  between  the 
disentwining  ferrite  and  those  free  islands  is  added  to  the  surface 
tension  between  the  particles  of  disentwining  ferrite  in  the 
pearlite. 

So,  too,  do  we  explain  Stead's  observation  that  in  hyper- 
eutectoid  steels  the  presence  of  much  free  cementite  favors  the 
disentwining  of  the  pearlite,  or  at  least  the  coalescence  of  the 
cementite  thus  freed  into  large  masses. 

20.  Principle  4.  Grain  Growth  Presumably  a  Function  of 
Time  as  Well  as  Temperature.— We  see  no  reason  in  the  nature 
of  the  case  why,  at  a  given  temperature,  grain  growth  should  not 
continue  indefinitely;!    why  the  causes  which  lead  strong  small 

•  The  Micro-chemistry  of  Cementation,  Journal,  Iron  and  Steel  Institute,  Vol.  2,  I8g8, 
p.  18S.  Plate  XIV. 

f  Stead,  Segregatory  and  Migratory  Habit,  Journal,  Society  of  Chemical  Industry,  Vol.  22, 
1903.  p.  343.  Also  Fifth  Report,  Alloys  Research  Committee,  Februaiy,  1899,  p.  73,  excerpt 
Proceedings,  Institute  Mechanical  Engineers. 

t  For  simplicity  of  statement  grain  growth  has  often  been  spoken  of  as  if  it  depended 
solely  on  the  temperature  reached.  But  the  slightest  consideration  of  the  conditions  under 
which,  according  to  our  present  theories,  this  growth  occurs,  leads  us  to  infer  that  for  given 
temperature,  It  should  increase  with  the  length  of  exposure.  Thus  Osmond  said,  ^s  early  as 
1893:  "It  may  be  admitted,  provisionally,  that  a  prolongation  of  this  period  is  equivalent  to 
a  certain  elevation  of  temperature  during  a  shorter  i)eriod."    Transactions,  American  Institute 
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grains  to  absorb  or  partition  a  weaker  small  neighbor  should  not 
apply  to  strong  large  grains  also,  so  that  in  turn  the  stronger 
of  the  resultant  large  grains  should  impose  their  orientation  on 
the  adjacent  territory  of  a  like  large  but  weaker  neighbor.  As 
this  process  goes  on  it  might  on  one  hand  be  retarded  (i)  by  the 
fact  that  the  gradual  eUmination  of  the  weaker  of  the  original 
grains  through  their  absorption  by  the  stronger  ones,  would  leave 
those  stronger  ones  more  evenly  matched;  (2)  conceivably, 
though  not  probably,  by  the  greater  distances  from  the  centers 
of  individual  grains  to  their  outside  at  which  they  are  doing  the 
work  of  subduing  their  neighbors;  and  perhaps  (3)  also  in  the 
case  of  low-carbon  steels,  by  their  progressively  exhausting  the 
ferrite  contained  in  the  pearlite  which  in  part  separates  the  ferrite 
grains;  for  so  long  as  this  ferrite  of  the  pearlite  remains,  it  is  a 
kind  of  solder,  readily  divorcing  the  cementite  with  which  it  is 
initially  intertwined  to  join  the  great  mass  of  free  ferrite  which 
adjoins  it.  The  cementite  thus  left  would  act  as  a  parting  to 
obstruct  the  merging  of  neighboring  ferrite  grains.  On  the  other 
hand,  once  this  cementite  was  completely  divorced,  its  subsequent 
balling  up  under  surface  tension  would  leave  a  correspondingly 
larger  proportion  of  the  surface  of  the  ferrite  grains  in  actual  con- 
tact one  with  another,  and  hence  free  to  merge  without  migration. 
If  the  process  were  thus  progressively  retarded  at  given  tem- 
perature this  would  tend  to  obscure  the  influence  of  time,  and 
thereby  to  leave  the  influence  of  temperature  correspondingly 
the  more  prominent,  and  perhaps  even  to  suggest  that  it  is  only 
the  temperature  reached  that  determined  the  grain  size.  Yet 
even  if  such  an  impression  arose  on  first  inspection,  on  reflection 
wc  should  expect  time  to  have  some  elTect,  and  that  a  suflicicntly 
long  exf)Osure  to  a  moderate  temperature  within  Region  4  would 
lead  to  the  same  eflfect  as  a  short  exposure  to  a  higher  tem- 
perature. 

of  Uiitint  Entinetrt,  Vol.  ai,  p.  3%6.  Yet  Beilby  HcenM  to  hold  that  for  each  tomperature 
thtn  U  a  defmita  maximum  grain  siie  which  will  not  he  exceeded  on  any  prolontjation  of 
exposure  to  that  temperature.  (The  Hard  and  Soft  State  in  Metals,  Second  May  Lecture, 
In«tiiut«  ol  MetaU,  May  ivii.p.  ao.)  The  theory  of  Ewitig  and  Rosenhiun  explains  bui-h 
a  maxirotun  in  part.  Only  certain  onea  of  the  envelopes  partintt  nriRhliorinfi  Rr.-iinH  niiuht  ho 
niptttrad.  Orala  grovth  would caaea  aa  aeon  as  the  iirains  ptkrtnl  hy  thc"(e  tiipturcil  envelopes 
had  marwfd.  Ihm  refnintniiv  itrmlna  ourrounded  hy  still  unruptured  envelopes  rpfuHing  to  morue. 
Bat  liara  Xhk  explo'  for  the  a ■  rest  8l.ould  b«  permanent,  and  further  riu  of  tern- 

pantttra  ahould  ca>i  '  t  grain  growth. 
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To  test  this  point  the  experiments  described  in  this  paper 
were  made.     (See  Proposition  5,  Paragraph  56,  page  343.) 

21.  Principle  5.  Grain  Growth  of  Alpha  Ferrite  in  Very- 
Low-Carbon  Steel  in  the  Regions  7  and  8A,  and  of  Austenite  of 
All  Steels  above  the  Transformation  Range  in  Region  4. — The 
austenite  of  all  steels,  when  above  the  transformation  range  in 
Region  4,  instead  of  being  a  conglomerate  of  distinct  substances 
like  annealed  steel  of  medium  carbon  content,  is  a  single  sub- 
stance, and  in  consequence  each  of  its  grains  is  in  contact  at  all 
points  with  a  chemically  like  grain.  For  simplicity  I  here  assume 
that  diffusion  has  proceeded  so  far  as  to  cause  the  re-absorp- 
tion of  any  initially  free  ferrite  or  cementite.  Because  of  this 
contiguity  of  austenite  to  austenite,  grain  growth  by  contact 
coalescence  is  rapid,  and  becomes  the  more  rapid  with  rise  of 
temperature,  because  this  increases  the  mobility  of  the  metal. 

Very-low-carbon  steel  in  h'ke  manner  consists,  when  in 
Regions  8A  and  7,  chiefly  of  alpha  ferrite,  with  very  extended 
contact  between  grain  and  grain  of  that  ferrite.  Hence  its  grain 
growth  is  rapid  in  the  upper  part  of  this  territory,  where  the  high 
temperature  increases  the  mobility.  Here  the  extent  of  actual 
contact  between  ferrite  and  ferrite  is  increased  by  the  fact  that, 
in  these  very-low-carbon  steels,  the  cementite,  instead  of  remain- 
ing intertwined  with  part  of  the  ferrite  in  the  form  of  pearlite, 
is  very  apt  to  disentangle  itself  from  that  pearlite,  and  ball 
up  into  small  compact  masses. 

One  important  peculiarity  of  very-low-carbon  steel  should 
be  noted  here.  Though  when  below  and  in  the  lower  part  of  the 
transformation  range  (in  Region  7  and  the  upper  part  of  Region 
8A),  where  it  consists  chiefly  of  grains  of  alpha  ferrite,  its  grain 
size  increases  rapidly,  apparently  chiefly  by  contact  coalescence, 
yet  as  shown  under  Proposition  5,  Paragraph  58,  page  347, 
the  grains  of  beta  ferrite  of  which  it  consists  when  in  the  upper 
part  of  that  range  (in  Region  6),  and  those  of  austenite  of  which 
it  consists  when  above  that  range  (in  Region  4),  grow  extremely 
slowly,  so  much  more  slowly  than  those  of  higher-carbon  aus- 
tenite as  to  give  the  impression  that  they  do  not  grow  at  all. 
In  short,  very-low-carbon  steel  coarsens  rapidly  below  A2  and 
very  slowly  above  A3,  whereas  it  is  above  A3  that  the  rapid 
grain  growth  of  higher-carbon  steel  occurs. 
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As  will  be  shown  later,  the  cells  which  we  find  in  cold  hyper- 
eutectoid  steel,  consisting  of  kernels  of  pearlite  encased  in  shells 
of  cementite,  are  certainly  the  larger,  the  higher  and  the  longer 
the  steel  has  been  held  above  the  transformation  range,  in  Region 
4,  that  is,  before  the  birth  of  these  cementite  shells.  Inferring 
as  we  do  that  each  such  cell  represents  a  single  grain  of  austenite 
formed  in  Region  4,  and  that  its  shell  represents  the  cementite 
which  that  austenite  has  expelled  in  cooling  through  the  trans- 
formation range,  we  see  no  escape  from  the  belief  that  these 
austenite  grains  while  in  Region  4  are  in  a  constant  state  of  such 
growth  as  has  just  been  outlined,  and  hence  are  in  a  state  of  flux, 
existing  boundaries  being  wiped  out  as  a  Bonaparte  might  wish. 
This  conception  of  the  state  of  crystalUne  flux  in  Region  4  may 
not  have  been  reckoned  with  sufficiently  by  previous  students  of 
the  crystallography  of  iron,  even  by  Osmond  himself.  It  is  quite 
possible  that  some  of  the  four  successive  networks  which  he  finds 
on  the  surface  of  steel  which  after  polishing  he  held  for  two 
hours  at  1150°  to  1200°  in  a  current  of  hydrogen,  may  be  the 
records  of  these  changes  of  grain  boundary  by  coalescence  in 
Region  4.  The  discrepancies  between  the  internal  orientation 
and  the  cell-walls  shown  in  his  wonderful  micrograph*  which 
I  reproduce  in  Fig.  16,  Plate  I,  may  actually  represent  a  stage 
in  this  boundary  shifting,  after  the  new  has  become  visible  and 
yet  before  the  old  has  ceased  to  be. 

Of  course  there  can  be  no  ferrite  or  cementite  grain  growth 
above  the  transformation  range  because  neither  ferrite  nor 
cementite  exists  there;  nor  for  Hke  reason  can  there  be  growth 
of  austenite  grains  below  that  range. 

22.  Principle  6.  Grain  Growth  of  Beta  Ferrite,  Region  6. — 
This  normally  exists  only  between  A 2  and  A3,  in  Region  6,  and 
very-low-carbon  steels  here  consist  of  this  beta  ferrite  almost 
solely.  As  to  its  grain  growth  we  know  so  little  that  the  hypoth- 
esis which  I  here  ofTcr  must  be  regarded  as  nothing  more  than 
the  best  speculation  which  I  can  frame  to  fit  the  recorded  facts. 
It  may  serve  as  a  stepping  stone  towards  the  truth. 

In  Region  6  the  grains  of  beta  ferrite  tend  to  coarsen,  but 
apparently  far  more  slowly  than  those  of  alpha  iron  when  in 
the  tipper  part  of  Region  7,  or  those  of  austenite  when  in  the 

4  CwtMid,  AmmtU*  itt  Minu,  VoL  iS,  1000.  Pig.  8,  Plate  VI. 
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upper  part  of  Region  4.  In  general,  when  the  temperature  rises 
into  Region  6,  the  beta  ferrite  seems  to  inherit  the  grain  size 
of  the  alpha  ferrite  which  existed  in  Region  7.*  But  if  this  size 
is  large,  the  initial  grains  probably  break  up  into  finer  ones  of 
beta  iron,  which  in  turn  coarsen  slowly.  Thus  the  assumed 
natural  tendency  of  beta  iron,  as  of  other  metals  in  general,  to 
coarsen  by  coalescence,  may  be  masked  by  the  tendency  of  an 
initial  coarse  grain  inherited  from  the  previous  alpha  state  to 
break  up,  the  preferred  habit  of  the  beta  iron  apparently  differing 
enough  from  that  of  alpha  iron  to  induce  this  slow  break-up. 

23.  Principle  7.  Grain  Growth  of  Steel  of  Intermediate 
Carbon  Content  (say,  o.io  to  0.80  per  cent,  of  Carbon)  in  and 
below  the  Transformation  Range,  in  Regions  8 A ,  7,  and  6. — Such 
steels  while  in  Region  8A  are  a  conglomerate  of  ferrite  with  pear- 
lite.  As  in  a  series  of  steels  the  carbon  content  increases  from 
specimen  to  specimen,  this  pearlite  increases  in  quantity,  and 
thus  the  more  completely  isolates  the  ferrite  grains,  so  that  the 
grain  growth  of  the  ferrite,  whether  by  migratory  or  contact 
coalescence,  becomes  increasingly  difficult.  When  such  steels 
rise  past  Aci  into  Region  7,  their  pearlite  changes  into  austenite. 
As  the  temperature  rises  through  the  transformation  range, 
Regions  7  and  6,  the  ferrite  present  is  progressively  absorbed 
by  that  austenite,  so  that  the  quantity  of  residual  ferrite  pro- 
gressively decreases  and  that  of  the  austenite  progressively 
increases.  This  increase  in  the  quantity  of  austenite  progres- 
sively obstructs  the  coalescence  of  the  residual  ferrite  more  and 
more.  Hence,  though  as  the  temperature  of  a  given  steel  rises 
through  Region  8 A  towards  the  transformation  range,  its  ferrite- 
grain  growth  tends  to  accelerate  because  of  the  increasing 
mobility,  this  acceleration  is  opposed  as  the  temperature  rises 
through  that  range.  Region  7,  by  the  increasing  quantity  of 
austenite  which  forms.  This  opposition  should  increase  abruptly 
on  entering  the  beta  iron  Region  6,  because  of  the  apparently 
slower  coalescence  of  the  beta  ferrite  which  here  replaces  the 
alpha  ferrite  of  Region  7. 

In  carbonless  steel  this  retardation  in  Region  7  caused  by 
the  presence  of  austenite  should  be  nil,  that  is,  the  acceleration  of 
ferrite  grain  growth  should  continue  unchecked  through  Region 

t  See  quotation  from  Oamond  and  Cartaud  under  Proposition  3,  Paragraph  50,  p.  337. 
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7;  in  steel  but  slightly  hypo-eutectoid  the  retardation  should  be 
great ;  and  in  general  in  a  series  of  steels  the  retardation  should 
increase  as  the  carbon-content  approaches  that  of  the  eutectoid. 

Turning  now  to  the  grain  growth  of  the  austenite,  the 
natural  retardation  which  this  undergoes  as  the  temperature 
descends  towards  Ar3,  through  Region  4,  because  of  the  decreas- 
ing mobility,  is  increased  on  passing  down  through  the  trans- 
formation range,  Regions  6  and  7,  by  the  progressively  increasing 
quantity  of  ferrite  which  the  austenite  now  generates.  This 
ferrite  of  course  tends  to  insulate  the  austenite  grains.  When 
this  generation  of  ferrite  goes  so  far  as  to  set  up  a  well-marked 
network  structure  as  in  Figs.  C,  D  and  E  of  Rows  5  and  6,  Plate 
III,  so  that  the  ferrite  cell-walls  seem  to  insulate  the  enclosed 
austenite  kernels  from  each  other  completely,  this  insulation 
might  be  expected  to  arrest  the  austenite  grain-growth  com- 
pletely. But  when  these  cell-walls  are  thin,  as  they  must  be 
at  temperatures  but  little  below  A3,  and  also  in  steel  but  sHghtly 
hypo-eutectoid,  and  when  they  become  discontinuous  by  the 
spheroidizing  of  the  ferrite,  enough  contact  between  neighbor- 
ing austenite  grains  may  well  arise  to  cause  coalescence.  This, 
beginning  in  any  given  case  at  a  contact,  may  continue  as 
migratory  coalescence,  the  surface  tension  of  the  grains  which 
thus  merge  displacing  the  ferrite  which  stands  in  their  way. 

In  a  series  of  steels  of  varying  carbon  content  the  quantity 
of  this  insulating  ferrite  generated  increases  as  the  carbon 
content  recedes  from  that  of  the  eutectoid;  and  with  this  increase 
the  opposition  to  the  further  grain  growth  of  the  austenite  in 
passing  down  through  the  transformation  range  should  increase. 

To  sum  this  up,  in  steels  of  intermediate  carbon  content, 
the  grain-growth  of  the  austenite  should  be  retarded  progressively 
as  the  temperature  sinks  from  A3  towards  Ai,  and  should  be  the 
more  retarded  the  more  the  carbon  content  differs  from  that  of 
the  eutectoid,  0.90  per  cent. 

The  acceleration  of  the  grain  growth  of  the  ferrite  as  the 
temperature  rises  towards  Ai ,  through  Region  8A,  because  of  the 
increasing  mobility,  should  be  retarded  as  the  temperature  rises 
from  A I  to  A  2  through  Region  7,  by  the  increasing  quantity  of 
austenite  which  forms,  and  should  l)e  further  checked  on  passing 
A  2  and  entering  Region  6  by  the  supposed  sluggi.shness  of  the 
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beta  ferrite.  This  retardation  should  be  the  greater  the  greater 
the  carbon  content.  In  carbonless  steel  this  retardation  in 
Region  7  should  be  nil,  that  is,  the  acceleration  of  grain  growth 
should  continue  unchecked;  in  steel  but  slightly  hypo-eutectoid 
the  retardation  should  be  very  great. 

24.  Evidence  Supporting  this  Principle. — Among  the  "Propo- 
sitions" given  later  in  the  paper  there  is  none  to  represent  this 
present  principle,  because  of  the  scantiness  of  the  evidence  on 
which  it  is  based.  It  must  be  regarded  as  only  a  hypothesis 
based  on  our  general  knowledge  of  the  conditions.  But  two 
pieces  of  evidence  supporting  it  may  be  mentioned  here. 

(i)  The  specimen  shown  in  Fig.  19,  Plate  I,  which  had  been 
cooled  slowly  from  above  the  transformation  range  to  a  point, 
765°,  within  that  range,  and  then  quenched  in  water,  was  next 
reheated  to  a  point  in  the  transformation  range,  740°,  for  six 
hours,  and  again  quenched  in  order  to  preserve  the  structure 
formed  at  740°.  It  then  had  the  structure  shown  in  Fig.  23, 
Plate  I.  At  740°  it  of  course  consisted  of  a  conglomerate  of 
alpha  ferrite  and  austenite.  As  shown  under  Proposition  I, 
Paragraph  49,  page  324,  the  grain  growth  of  such  alpha  ferrite 
when  alone  or  substantially  alone,  as  in  very-low-carbon  steel, 
is  very  rapid  at  this  temperature.  But  in  the  present  case  the 
individual  grains  of  ferrite  forming  the  discontinuous  cell-walls 
have  not  increased  in  size,  which  agrees  with  our  inference  that 
their  separation  from  each  other  by  the  intervening  austenite 
ought  to  retard  their  growth.* 

(2)  Benedicksf  found  that,  on  heating  a  nickel-iron  alloy, 
an  11.7-per  cent,  nickel  steel  with  only  0.09  per  cent,  of  carbon, 
to  490°,  within  the  transformation  range  of  that  alloy,  a  network 

•  The  ground  masa  between  these  large  grains  has  a  wholly  different  look  in  Pig.  23  irom 
that  In  Fig.  19.  The  exact  nature  of  this  difference  I  have  not  detennined.  In  both  these 
figures  the  area  of  these  large  ferrite  grains  collectively  is  far  too  small  to  represent  the  whole 
of  the  ferrite  present,  so  that  the  ground  mass  between  must  contain  in  additon  to  the  austenite, 
much  finely  divided  free  ferrite.  The  long  holding  at  740'  in  the  case  of  Fig.  33  seems  to  have 
given  this  ferrite  time  to  coalesce  into  extremely  fine  islets,  which  are  readily  made  out  under 
stronger  magnification.  This  difference  between  the  two  micrographs  may  have  been  increased 
by  the  somewhat  slower  cooling  of  Fig.  23.  But  the  purpose  of  introducing  this  micrograph 
Is  to  show  that  the  interposition  of  this  ground  mass  of  mixed  austenite  and  emulsified  ferrite 
between  the  large  cell-wall  islets  of  ferrite  has  prevented  them  from  growing  at  the  rapid  rate 
at  which  the  grains  of  ferrite  grow  at  this  temperature  in  very-low-carbon  steel.  In  which  ferrite 
grain  Is  In  immediate  contact  with  ferrite  grain. 

t  Benedicks.  Synthese  du  Fer  Meteorique,  Nova  Acta  Regia  Socitlatis  SUenliarum  Up- 
saliensii,     October,  1910,  Series  IV,  Vol.  2,  pp.  is  and  16,  Figs.  10  and  11  of  reprint. 
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structure  arose.  Though  the  kernel  of  each  cell  looked  as  if 
it  was  nearly  completely  isolated  from  its  neighbors  by  an 
extremely  thin  cell- wall,  yet  on  longer  exposure  to  this  same  tem- 
perature within  the  transformation  range  these  cells  increased 
in  size.  This  shows  that,  even  in  such  a  conglomerate  mass  as 
must  exist  within  the  transformation  range,  one  of  the  two 
intermixed  contituents  may  assemble  into  distinct  grains,  each  • 
with  its  own  orientation,  in  spite  of  the  continued  presence  of 
the  other  constituent  within  those  grains;  and  further,  that  the 
presence  of  thin  cell-walls,  even  if  they  look  nearly  continuous, 
does  not  necessarily  prevent  completely  the  coalescence  of 
neighboring  kernels. 

25.  Principle  8.  Grain  Refining  of  Low-Carbon  Steel. — 
When  beta  ferrite  changes  into  austenite  on  rising  past  the  top 
of  the  transformation  range,  the  old  grains  of  the  ferrite, 
instead  of  being  inherited  by  the  austenite,  are  shattered, 
so  that  the  nascent  austenite  is  very  fine-grained,  indeed  so 
fine-grained  as  to  suggest  that  it  is  amorphous.  This  constitutes 
the  grain  refining  of  low-carbon  steel.  Yet  in  such  steel, 
when  the  grains  of  austenite  have  grown  to  a  great  size  by 
long  high  heating  above  that  range  in  Region  4,  this  large  size 
appears  to  be  inherited  successively  by  the  beta  and  alpha  ferrite 
into  which  it  changes  in  passing  down  through  the  transformation 
range,  probably  for  the  reasons  explained  under  Principle  10. 
In  short,  though  the  grain  of  ferrite  shatters  when  it  changes  into 
austenite,  in  heating  past  Ac3,  that  of  austenite  seems  to  remain 
unlessened  when  it  in  turn  changes  into  ferrite  in  cooling  past  Ar3. 

This  shattering  of  the  existing  grains  when  beta  iron  changes 
into  gamma  iron  at  Ac3  contrasts  strongly  with  the  apparent 
inheriting  of  the  old  grain  size  when  alpha  iron  changes  into  beta 
iron  at  Ac2.  This  contrast  agrees  with  the  theory  that,  whereas 
alpha  and  beta  iron  have  the  same  cleavage  system,  say  cubic, 
gamma  iron  (austenite)  has  octahedral  cleavage.  This  is  true 
whether  we  hold  with  Osmond*  that  the  exterior  crystalline 
form  of  gamma  iron  is  octahedral,  or  whether  we  hold  with 
Le  Chatelicrt  that  it  is  rhombohcdrai,  in  view  of  its  triangular 

*  Th*  OrytUnagraphy  of  Iroo,  Oamond  and  Cartaud .  Journal,  Iron  and  SUel  Instiluu,  V(>1. 
i,  1906.  pp.  444-4M. 

fPrivkt*  somnnialMtlon,  Aug.  as.  I9>i'  In  vtow  of  thn  very  familiar  twinnInK  of  th« 
InMOOtalMdmof  apfaMll.  t«tnh«lrit«,  magiMUto  aod  othw  itom«tric  mineraU,  the  argument 
dfswa  from  twteaiaf  acada  MOM  cUborsUoB. 
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and  hexagonal  markings  and  of  its  twinnings,  which  features  are 
in  his  opinion  characteristic  of  the  rhombohedral  system. 

To  these  may  be  added  a  third  reason,  that  with  the  metals 
as  with  other  crystalline  bodies  the  high-temperature  allotropic 
forms  are  habitually  of  a  lower  order  of  symmetry  than  the  low- 
temperature  ones,  the  true  or  cubic  octahedron  being  sym- 
metrical along  all  three  axes,  whereas  the  rhombohedron  is 
longer  or  shorter  along  one  axis  than  along  the  others.  Osmond's 
evidence,  especially  his  demonstration  of  the  nature  of  the 
symmetry  of  manganiferous  gamma  iron  as  shown  by  the  figures 
developed  on  it  by  pressure,  seems  to  me  to  justify  our  putting 
aside  Le  Chatelier's  objections. 

On  either  theory  it  is  but  natural  that  the  change  from  the 
alpha  to  the  beta  form  without  serious  disturbance  of  the 
crystalline  organization  should  affect  the  existing  grain  size 
but  slowly,  whereas  the  change  from  the  beta  to  the  gamma 
form  at  Ac3  with  complete  change  in  the  cleavage  should  shatter 
the  existing  grains. 

26.  Principle  g.  Genesis  of  the  Cell  Structure. — The  indi- 
vidual grains  of  austenite  which,  in  cooling  through  the  trans- 
formation range,  generate  ferrite  or  cementite  as  the  case  may 
be,  reject  it  as  they  generate  it,  throwing  it  primarily  to  their 
exteriors  and  so  massing  it  at  the  grain  boundaries,  and  second- 
arily into  their  cleavages,  as  explained  in  Paragraph  12,  page 
272.  But  this  expulsion  is  incomplete,  so  that  a  large  amount 
of  the  ferrite  thus  generated  remains  scattered  through  the  aus- 
tenite kernels  themselves.  This  massing  of  the  ferrite  at  the 
grain  boundaries  causes  the  network  structure,  each  cell  repre- 
senting a  single  austenite  grain.  The  cell-walls  are  the  ferrite 
so  massed  at  the  grain  boundaries,  and  the  kernels  the  residual 
austenite,  which  in  cooling  below  the  transformation  range 
becomes  pearlite. 

As  the  temperature  sinks  farther  and  farther  through  the 
transformation  range,  the  kernels  of  mother  austenite  continue 
generating  and  expelling  ferrite,  progressively  building  up  and 
thickening  their  cell-walls  at  their  own  expense,  as  is  shown  by 
the  series  of  micrographs,*  Figs.  24  to  28,  Plate  I. 

♦  These  figures  show  the  structure  at  various  points  in  a  single  bar  of  Steel  I  (carbon 
0.40  per  cent.) ,  at  a  series  of  points  successively  lower  in  the  transformation  range.     The  bar 
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Stages  in  the  network  formation  roughly  corresponding 
to  these  may  be  seen  in  Osmond's  micrographs  77  and  78.* 

As  the  size  of  the  austenite  grains,  according  to  Principle  5, 
Paragraph  21,  page  289,  increases  with  the  temperature  reached 
above  the  transformation  range,  that  is,  in  Region  4,  and  with  the 
length  of  exposure  to  it,  it  follows  that  the  true  network  size 
representing  those  grains  also  must  increase  with  the  tempera- 
ture reached  in  Region  4  and  with  the  length  of  exposure  to  it 
and  neighboring  temperatures,  though  it  may  be  masked  in 
hypo-eutectoid  steel,  as  we  shall  see. 

From  this  theory  it  follows  that  this  network  structure 
should  form  in  any  cooling  which  includes  any  part  of  the 
transformation  range,  because  everywhere  throughout  that 
range  the  austenite  grains  must  have  some  size.  But  in  order 
that  the  network  structure  shall  be  prominent  or  even  recog- 
nizable, those  austenite  grains  should  be  of  considerable  size, 
so  that  the  quantity  of  ferrite  or  cementite  which  each  expels 
in  cooling  shall  be  enough  to  form  a  recognizable  cell-wall. 
Such  considerable  size  we  may  expect  them  to  reach  whenever 
the  temperature  is  held  for  any  length  of  time  materially  above 
the  transformation  range,  or  even  in  the  upper  part  of  that  range, 
for  here  the  quantity  of  ferrite  or  cementite  present  is  small, 
and  hence  its  power  of  impeding  mechanically  the  austenite 
grain  growth  is  weakened.  Indeed,  mere  residence  in  the  trans- 
formation range,  even  near  its  bottom,  might  set  up  the  cell 
structure,  for  here  the  austenite  might  well  assemble  into  grains, 
around  which  the  free  ferrite  or  cementite  present  would  form  a 
network. 

27.  Steels  of  0.90  per  cent,  carbon,  that  is,  eutectoid  steels, 

»M  fint  be«t«(l  ne*rty  evenly  within  *n  iron  tube  in  a  gu  forge  to  about  I3as°.  The  heating  up 
occupied  about  ao  minutes.  It  was  then  held  at  this  high  temperature  for  about  35  minutes, 
•o  as  to  ooarsen  the  austenite  structure.  The  tube  and  bar  were  then  drawn  forward  slowly, 
through  •  aroall  orifice  in  the  forge  door,  till  about  half  their  length  protruded  into  the  air. 
tb«  temperature  within  the  forge  falling  slowly  the  while.  This  slow  forth-drawing,  which 
occiiptad  About  IS  minutes,  caused  the  cooling  of  the  outer  end  to  outrun  that  of  the  middle 
•nd  rtar  of  the  bar,  and  so  establishrd  a  fl.it  thcnnal  gradient  along  the  lenRth  of  the  bar, 
pMtinc  through  the  transformation  range  an>l  part  of  Regions  4  and  8A.  Before  quenching. 
Um  hmr  was  left  in  this  position  for  about  is  minutes,  in  order  that  the  sevoriU  points  In  it. 
vhkh  mt  Um  mooMnt  at  quenching  were  in  the  transformation  rangr,  should  have  reached  their 
wvtral  poatUoMln  that  mag*  by  means  of  a  cooling  slow  enough  to  build  up  the  cellular  struo- 
tmn,  y«t  not  to  alow  M  to  lead  to  ita  degeneration  and  break-up.  The  bar  was  then  drawn 
Iran  the  tnbCMid  qtMoelMd  In  water,  in  order  to  fix  approximately  the  Htructure  thus  dr  voloped. 
*  UitrottopU  Analyiit  af  U*latt,  Osmond  and  Stead,  London,  i(>04,  pp.  ij6  and  137. 
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of  course  generate  neither  ferrite  nor  cementite,  because  such 
generation  is  not  needed  to  give  them  the  eutectoid  ratio.  Hence 
they  may  lack  the  distinct  cell-walls.  It  may  prevent  confusion 
to  speak  of  these  wall-less  cells  as  grains.  When  above  the  trans- 
formation range  they  consist,  then,  of  grains  of  austenite;  when 
below  it  they  consist  of  grains  of  pearlite;  and  the  occurrence 
or  structure  of  that  pearlite  may  show  traces  of  the  grain- 
structure  of  the  austenite  which  it  succeeds. 

What  appears  to  be  such  a  wall-less  or  very  thin-walled 
grain  of  pearlite  in  a  eutectoid  steel  is  shown  in  Fig.  17,  Plate  I. 
This  shows  a  steel  of  0.92  per  cent,  carbon,  heated  to  1300°  for 
one  hour  and  cooled  slowly  in  the  furnace. 

28.  Principle  10.  Effects  of  High  Heating  in  Region  4  in 
Addition  to  Cell  Coarsening. — Now  that  we  have  seen  how  it 
comes  about  that  high  and  long  heating  below  A2  in  Regions 
8A  and  7  coarsens  the  ferrite,  and  above  A3  in  Region  4  coarsens 
the  austenite  and  through  it  the  cell  structure,  it  remains  to 
consider  how  it  is  that  long  high  heating  above  A3  has  certain 
other  effects.  These  are  that  it  (i)  opposes  the  transformation 
in  cooling;  (2)  increases  the  stability  of  the  red-hardntfss  of  high- 
speed steel;  (3)  increases  the  areas  which  are  free  from  coagulated 
ferrite  (see  Paragraph  35,  page  307)  in  air-cooled  steel;  (4) 
causes  the  austenite  to  mass  into  its  own  cleavages  the  ferrite 
which  it  generates  in  cooUng  through  the  transformation  range; 
(5)  makes  the  cell  structure  more  persistent;  (6)  increases  the 
size  of  the  ferrite  grains  in  the  slowly  cooled  steel;  and  (7)  retards 
the  coagulation  of  sorbite  into  pearlite.  As  regards  (6),  note 
that  we  are  now  going  to  consider  the  coarsening  of  the  ferrite 
grains,  not  by  their  own  direct  growth  in  and  below  the  trans- 
formation range,  in  Regions  7  and  8A,  but  by  pre-natal  influences, 
namely,  long  high  heating  above  that  range  in  Region  4,  when 
the  ferrite  docs  not  exist. 

That  high  heating  lowers  the  recalescence,  An,  was  shown 
by  Osmond  in  1888*,  and  has  b^en  shown  again  lately  by 
Brayshaw.f  Evidence  tending  tv~  show  that  it  has  the  third, 
fourth,  and  fifth  effects  will  be  shown  under  Propositions  5,  7, 
and  12,  Paragraphs  53,  60,  and  65,  pages  337,  352  and  360. 

*  Transformations  du  Fer  et  du  Carbone,  Paris,  1888,  p.  35. 

t  Proceedings,  Institute  of  Mechanical  Engineers,  Loadon,  April  15,  1910;  through  EnginefT' 
ing.  Vol.  89,  1910,  p.  526. 


298  Howe  on  Structure  of  Steel. 

Not  one  of  these  seven  results  of  heating  to  a  given  high 
temperature  above  the  transformation  range  in  Region  4  occurs 
at  that  temperature  itself;  they  occur  at  far  lower  temperatures 
on  cooling.  Indeed,  neither  the  ferrite  nor  the  pearlite,  the 
occurrence  of  which  is  so  profoundly  affected  by  such  high 
heating,  then  exists,  and  they  do  not  come  into  existence  till 
the  temperature  again  descends  into  the  transformation  range. 
At  this  high  heating  in  Region  4  nothing  but  austenite  exists. 
Hence  it  is  evident  that  such  heating  must  cause  in  the  austenite 
itself  some  immediate  change  which  will  in  turn  lead  to  these 
seven  ulterior  effects.  There  are  two  such  immediate  changes 
which  might  seem  competent  to  explain  certain  of  these  ulterior 
eflfects.  These  changes  do  not  exclude  each  other  as  causes  of 
the  ulterior  effects.  They  are  (a)  strengthening  the  crystalline 
organization,  and  (b)  equaUzing  the  composition,  or  in  other 
words  lessening  the  initial  heterogeneousness.  Let  us  take  up 
{a)  and  {b)  in  order. 

29.  (a)  Strengthening  of  the  Crystalline  Organization. — That 
this  organization  has  certain  remarkable  powers  is  plain  from 
the  existence  of  the  cell-walls,  for  instance  in  hypo-eutectoid 
steel.  We  may  reasonably  assume  that,  after  a  sufficiently  long 
heating  in  Region  4,  above  the  transformation  range,  diffusion 
becomes  complete.  On  slow  cooling  through  the  transformation 
range  the  austenite  begins  generating  ferrite.  Each  grain  of 
austenite  expels  to  its  outside,  at  least  in  part,  the  ferrite  which 
it  bears,  thus  creating  the  ferrite  cell-walls  which  enclose  kernels 
first  of  austenite  and  later  of  pearlite.  From  this  theory  that 
the  mother  austenite  thus  expels  its  offspring  to  its  own  outside 
I  see  no  escape.  This  power  of  selection,  rejection,  and  ejection, 
even  in  the  case  of  crystals  growing  slowly  in  an  aqueous  solution, 
is  certainly  a  remarkable  even  if  an  explicable  one.  But  in 
bringing  about  the  extremely  rapid  ejection  of  ferrite  in  so  viscous 
a  substance  as  dull-red-hot  if  not  black  steel,  it  is  even  more 
remarkable.    Thus  Osmond*  found  that  when  a  wad  of  steel  of 


*  Uicrouopic  Atulysis  of  Mttalt,  Osmond  and  Stead,  Pig.  6j-,  p.  laa. 

ThU  is  not  on  isolated  instance  of  extremely  rapid  cryninlline  roovcmcnf .  Thus  Oorrons. 
•od  later  HadAold  and  IIot>ldnson,  show  micruKraphs  of  ca»t  iron  quenched  from  the  molten 
•tat*  whicb  provo  that  even  in  this  almont  instantaneous  solidiricution  the  constituents  have 
eryttalUMd  out  prominently.  Ooercns  quenched  apparently  small  lots  from  the  molten  stnte 
io  Im  wat«r.     Hit  microKraphs  show  a  wcU-markod  eutectic  structure  even  under  small 
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0.14  per  cent,  carbon,  only  0.28  in.  (7  mm.)  thick  and  0.48  to 
0.52  in.  (12  to  13  mm.)  in  diameter,  was  quenched  in  water 
from  1340°,  this  ejection  of  ferrite  occurred,  as  is  indicated  by 
the  existence  of  a  ferrite  network  in  the  quenched  steel.  This 
ejection  of  ferrite  must  have  occurred  chiefly  during  the  extremely 
rapid  passage  through  the  transformation  range,  which  must 
have  been  lowered  by  the  rapid  cooling  so  that  its  lower  end 
was  near  400°,  that  is,  below  visible  redness. 

Granting  the  existence  of  this  power,  we  may  suppose  that, 
with  either  long  or  high  heating  and  the  implied  opportunity  for 
molecular  rearrangement,  the  crystalline  organization  becomes 
more  perfect  and  hence  more  stable  and  eflScient.  This  increase 
of  perfection,  stabiUty,  and  efficiency,  explains  with  a  certain 
degree  of  ease  the  seven  ulterior  effects  of  long  high  heating, 
as  follows: 

(i)  The  greater  crystalline  stability  explains  the  greater 
opposition  to  undergoing  the  transformation  on  cooUng,  for  this 
transformation  is  the  abandonment  of  the  organization  thus 
made  stable.  Hence  the  greater  lag  of  the  transformation,  as 
shown  in  the  lowering  of  the  transformation  range. 

(2)  The  greater  stabiUty  of  the  red-hardness  of  high-speed 
steel  caused  by  long  high  heating  may  be  explained  in  like  marmer, 
mutatis  mutandis. 

(3)  The  greater  crystalline  efficiency  explains  the  reported 
larger  extent  of  the  areas  free  from  coagulated  ferrite  in  air-cooled 
steel,  because  it  might  well  lead  to  a  more  thorough  expulsion 
of  the  ferrite,  in  cooling  through  the  transformation  range,  from 
the  mother  austenite  grains  into  the  grain  boundaries  and  into 
their  cleavages,  leaving  the  unexpelled  ferrite  within  the 
remainder  of  the  mass  both  less  in  total  quantity  and  more 
scattered,  and  on  both  accounts  less  able  to  coalesce  into  visible 
masses  in  the  relatively  rapid  air-cooling.  Hence  the  large 
areas  free  from  coagulated  ferrite . 

(4)  In  like  manner  the  greater  prominence  of  the  octahedral 

magnification  ( X  50) ,  and  under  larger  magnification  a  very  highly  organized  crystalline 
structure.  (Vorgange  bei  der  Erstarrung  und  Umwandlung  von  Eisenkohlenstofflcgierungen, 
Halle  a.  S.,  1907,  pp.  33  to  3S.  Figs.  24  1027;  Metallurgie,  Vol.  ^,  iyo7,  Figs,  iii  to  114.) 
Hadfield  and  Hopkinson  show  under  moderate  magnification  (X  120)  the  familiar  primary 
austenite  crystals,  well  oriented,  and  an  easily  distinguished  eutectic  structure.  (Institute  of 
Electrical  Engineers,  Vol.  46,  19IX,  Pig.  9,  opposite  p.  260.) 
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cleavage-massing  of  the  ferrite,  shown  in  the  Widmanstattian 
figuring  of  highly  heated  steel,  explains  itself  as  a  natural  result 
of  the  greater  efficiency  of  the  crystalline  organization  as  an 
agency  for  expelling  the  ferrite  and  concentrating  it  in  the 
cleavages  as  well  as  at  the  grain  boundaries. 

(5)  So,  too,  the  greater  efficiency  of  the  crystalline  organi- 
zation as  a  mechanism  for  expelHng  the  ferrite  or  cementite  in 
the  transit  down  through  the  transformation  range,  and  massing 
it  in  the  grain  boimdaries,  would  naturally  lead  to  a  thicker 
massing  there  of  that  ferrite  or  cementite.  And  these  masses, 
because  they  are  so  much  thicker,  would  naturally  resist  the 
longer  the  tendencies  which  break  up  the  network  structure, 
and  in  particular  would  be  less  acted  on  by  the  spheroidizing 
tendency  of  surface  tension,  and  would  the  longer  persist  as 
traceable  cell-walls. 

To  look  at  it  in  a  slightly  different  light,  these  cell- walls  are 
pseudomorphs  in  any  event  below  the  transformation  range.  But 
the  stability  of  even  a  pseudomorphic  structure  may  increase  with 
the  efficiency  of  .the  genetic  crystalline  organization  which 
created  it,  even  after  that  genetic  organization  has  abdicated. 

It  is  true  that,  while  high  and  long  heating  thus  preserves 
the  network  structure  which  outlines  the  boundaries  of  what 
have  been  austenite  grains,  yet  in  addition  it  may  tend  to  obscure 
those  true  boundaries  by  leading  to  the  formation  of  strong 
cleavage  massings,  which  cut  these  areas  up  in  such  a  way  that 
we  do  not  make  out  what  are  the  boundaries  of  austenite  grains 
and  what  are  the  cleavages  of  those  grains. 

(6)  In  like  manner  the  effect  of  such  high  heating  in  increas- 
ing the  size  of  the  ferrite  grains  which  arise  during  later  cooling 
is  seen  to  be  a  natural  result  of  this  more  thorough  expulsion  of 
the  ferrite  into  boundaries  and  cleavages  in  cooling  through  the 
transformation  range;  for  this  implies  its  greater  local  con- 
centration, and  this  in  turn  leads  to  its  coalescing  into  larger 
islands. 

Very-low-carbon  steel  towards  the  end  of  the  transfornuition 
consists  almost  wholly  of  ferrite  which  the  initial  austenite  has 
progressively  expelled,  thereby  reducing  it.self  to  an  extremely 
•mall  mass.  Here  the  ferrite  thus  expellrd  seems  to  inherit 
approximately  the  grain  size  of  the  austenite  whence  it  sprang. 
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But  this  seems  to  be  only  a  special  case  of  this  general  law,  that 
the  several  large  ferrite  islands  formed  by  expulsion  from  large 
grains  of  austenite,  remain  large. 

(7)  The  effect  of  long  high  heating  in  retarding  the  coagula- 
tion of  the  pearlite  formed  on  cooling  past  An,  the  lower  limit 
of  the  transformation  range,  may  be  referred  to  such  an  increase 
in  the  stability  of  the  austenite  crystalline  structure  that,  even 
when  on  cooling  past  An  it  ceases  to  be  the  government  dejure, 
it  may  pseudomorphously  retain  much  power  de  facto,  and 
thereby  impede  the  attempt  of  the  material  as  a  whole  to  break 
away  from  the  distribution  which  that  crystalline  system  has 
set  up,  thus  impeding  all  re-distribution,  including  the  slight 
convections  which  the  coagulation  of  sorbite  into  pearhte 
implies. 

Once  we  have  looked  at  the  matter  from  this  point  of  view, 
we  see  that  here  is  an  additional  explanation  of  effects  (4)  and 
(5),  so  that  all  of  the  seven  effects  except  (6)  are  referable,  at 
least  in  part,  to  the  greater  stability  as  such  of  the  austenite 
crystalline  system  caused  by  long  high  heating. 

To  this  hypothesis  of  the  greater  perfection  of  the  crystalline 
organization  caused  by  long  high  heating  it  may  be  objected  that, 
at  the  instant  when  a  given  grain  is  abandoning  its  initial  crys- 
talline orientation  and  adopting  that  of  the  grain  which  absorbs 
it,  it  does  not  seem  to  be  in  a  very  stable  condition.  The 
rapid  grain  growth  at  high  temperatures  carries  with  it  a  sugges- 
tion of  flux  which  we  do  not  at  first  identify  with  stability. 

To  this  it  seems  a  fair  reply  that  after  all  the  question  is  one 
of  greater  or  less  stability.  The  grain  growth  at  higher  tempera- 
tures is  surely  an  approach  towards  greater  stability.  The 
lack  of  growth  at  lower  temperatures  is  evidence  not  of  stability 
but  of  frictional  opposition  to  the  approach  to  stability.  And 
if,  even  after  long  high  heating,  crystalline  growth  is  still  going 
on,  that  simply  means  that,  though  the  condition  is  more  stable 
than  it  was  before  that  growth  began,  it  has  not  yet  approached 
complete  stabiUty  so  closely  that  growth  ceases. 

Having  now  considered  the  alleged  strengthening  of  the 
crystalline  organization  as  an  explanation  of  the  seven  effects 
now  before  us,  let  us  turn  to  the  other  explanation,  the  effacement 
of  initial  heterogeneousness  through  diffusion.         ^ 
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30.  (b)  Effacement  of  Initial  Heterogeneousness. — Hypo- 
eutectoid  steel  such  as  is  shown  in  Fig.  D  of  Row  4,  Plate  II, 
when  it  has  been  coarsened  by  long  high  heating,  consists  of 
islands  of  ferrite,  AAA,  Fig.  3,  embedded  in  a  ground  mass  of 
pearlite,  which  in  turn  consists  of  alternate  stripes  of  cementite, 
B,  and  ferrite.  C.  If  it  is  heated  barely  above  the  bottom  of 
the  transformation  range  and  immediately  cooled  again,  these 
ferrite  islands  will  persist  and  re-appear.  There  has  been  nothing 
to  efface  them.   It  is  true  that  the  twin  constituents  of  the  pearl- 
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ite  react  quickly  on  each  other  at  Aci  to  form  austcnitc,  !)ut  at 
this  temjK'rature  they  do  not  invade  the  ferrite  islands.  A. 
But  as  the  temperature  is  carried  higher  and  higher,  the  ferrite 
islands  are  i)rogre.ssively  re-absorbecl  by  the  surrounding  aus- 
tcnitc, and  their  re-absorption  is  due  to  complete  itself  at  the 
top  of  the  transformation  range,  AC3.  This  re-ab.sorption  in  case 
of  hypcr-eutcrtoid  steel  is  so  fast  that  the  free  cementite  may 
cease  to  be  visible  after  4'^  minutes  at  975°*  as  is  pointed  out 
under  Proposition  4,  Paragraph  52,  page  333. 

* Jws.  ImtmiMUmal*  ZtUttkri/Uitr  UttaUotrapkU,  VoL  i,  ipit.  p.  ^1$, 
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But  re-absorption  does  not  imply  equalization;  and  though 
no  visible  traces  of  ferrite  may  remain  at  the  end  of  4^  minutes 
at  975°,  yet  complete  equalization  may  take  a  very  much  longer 
time.  It  of  course  occurs  through  the  immigration  of  hordes 
of  carbon  particles  from  the  austenite  ground  mass  into  the 
ferrite  islands,  and  the  corresponding  emigration  of  iron  particles 
to  make  room  for  them.  The  distances  to  be  covered  are 
considerable,  and  the  equalizing  process  spontaneously  retards 
itself  as  it  nears  completion. 

I  wish  to  direct  attention  to  the  probable  existence  of 
imperfectly  equalized  spots,  consisting  indeed  of  austenite,  but 
richer  in  iron  than  the  surrounding  austenite;  and  to  the  gradual 
reduction  of  their  excess  holdings  of  iron  by  long  and  high 
heating. 

This  helps  to  explain  why  such  heating  has  the  first  three  and 
the  last  of  the  seven  ulterior  results  enumerated  above,  but  not 
why  it  has  the  rest.     Let  us  again  take  these  up  under  (i)  to  (7). 

31.  ( I )  The  increase  of  equalization  caused  by  long  high  heat- 
ing might  increase  the  stability  of  the  status  quo  and  hence  oppose 
the  transformation  in  cooling,  and  thereby  lower  the  transforma- 
tion range,  by  scattering  the  carbon  so  that  it  comes  into  rela- 
tions with  an  ever  increasing  number  of  particles  of  iron.  As 
an  essential  part  of  the  transformation  is  the  formation  of  cemen- 
tite,  FcsC,  so  an  essential  part  of  it  is  that  each  molecule  of 
carbon  must  pass  out  of  relation  with  all  the  iron  molecules  in 
excess  of  three,  and  restrict  its  relations  to  three.  VVe  can 
readily  understand  that  this  disentanglement  of  its  relations 
should  be  the  more  difficult  the  greater  the  number  of  iron 
molecules  from  which  each  carbon  molecule  has  to  obtain  release; 
in  other  words,  that  a  result  of  the  diffusion  or  scattering  of  the 
carbon  should  be  an  increasing  difficulty  in  the  re-forming  of 
cementite,  and  through  this  an  increasing  difficulty  in  under 
going  the  transformation,  of  which  the  formation  of  cementite 
is  an  essential  part. 

It  is  wholly  in  accordance  with  this  view  that  the  actual 
observed  position  of  An  is  the  lower  the  lower  the  carbon  content 
of  the  steel.*    But,  as  the  phase  rule  implies  that  this  reaction 

•Osmond,  Transformations  du  Fer  et  du  Carbone,  Paris,  1888,  Table,  p.  41.     Carpenter 
and  Keeling,  Journal,  Iron  and  Steel  Institute,  Vol.  i,  1904,  p.  233  and  Plate  XVIII. 

In  Spiecker's  cooling  curvea  iMeUUlurgie,  Vol.  6,  1909,  Fig.  391.  facing  p.  530}.  as  the 
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is  due  always  at  one  and  the  same  temperature  quite  irrespective 
of  the  carbon  content,  this  means  that  the  more  iron  the  carbon 
enters  into  relation  with,  the  more  docs  the  change  from  austenite 
into  cementite  lag;  which,  if  true,  agrees  with  my  explanation  of 
the  influence  of  long  high  heating  in  lowering  the  recalescencc, 
An. 

It  is,  indeed,  possible  that  in  like  manner  the  progressive 
ellacement  of  the  concentration  of  carbon  into  the  cementite 
particles  of  the  pearlite  may  contribute  to  the  lowering  of  the 
recalescence  An,  caused  by  long  high  heating.  Minute  as  these 
particles  are,  their  conversion  into  austenite  by  union  with  the 
ferrite  with  which  they  are  initially  intertwined  does  not  neces- 
sarily imply  instantaneous  equalization  of  composition  of  the 
resultant  austenite. 

In  Fig.  3  I  sketch  this  process  of  equalization.  It  is  quite 
possible  that  the  space  originally  occupied  by  the  axis  of  a  given 
cementite  spine  B  of  the  pearlite,  may  for  some  time  remain 
richer  in  carbon  than  the  space  C  initially  midway  between 
two  such  spines;  and  that  the  progress  of  equalization  and  the 
resultant  impoverishment  of  these  spaces  may  here  throw  an 
obstacle  in  the  way  of  the  re-formation  of  that  cementite  on 
re-cooling. 

32.  (2)  The  increased  persistence  of  red-hardness  in  high- 
speed steel  may  in  this  same  way  be  explained  by  increased 
equalization,  mutatis  mutandis. 

(3)  Such  increase  of  equalization  by  long  high  heating  readily 
explains  the  increase  in  the  areas  free  from  coagulated  ferrite 
(see  Paragraph  35,  page  307)  in  air-cooled  steel.  During  cooling 
through  the  transformation  range,  the  quantity  of  ferrite  gen- 
erated in  any  spot  must  increase  with  the  richness  of  that  spot 
in  iron,  so  that  wherever  an  initial  enrichment  in  ferrite  persists, 
there  will  the  ferrite  the  more  readily  coalesce  into  visible  islets. 
In  that  equalization  lessens  such  local  enrichment,  it  opposes 
the  re-concentration  there  of  ferrite  into  visible  masses,  or  in 
other  words  increases  the  areas  free  from  coagulated  ferrite. 

carbon  eontant  dacrauM  from  0.89  par  cent,  thero  ii  a  prosroisive  lowcrinR  of  An.  It  is 
aaturally  rattaar  Irragular,  bacauia  in  any  individual  specimen  the  lag  varies  with  the  uttcixlunt 
conditiona.  WOst  aayi  that  thia  doacant  osims  only  amonK  ihone  of  Spieckrr's  stecU  which 
bava  law  than  0.40  par  cant,  of  carbon,  but  thia  ttanu  to  be  a  typonrapbioal  error.  (Idtm, 
p.  iU) 
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(7)  Like  considerations  may  conceivably  explain  the  effect 
of  high  heating  in  retarding  the  coagulation  of  the  pearlite  on 
cooling  below  the  transformation  range.  As  long  as  the  scatter- 
ing of  the  carbon  falls  ever  so  slightly  short  of  completion,  so 
that  the  spine  B,  of  the  area  where  a  cemcntite  layer  of  the 
previous  pearlite  had  been,  remains  ever  so  slightly  richer  in 
carbon  than  the  layer  E  midway  between  spines,  on  the  re-birth 
of  the  pearlite  on  cooling  past  An  the  slight  extra  richness  of 
that  spine  may  suffice  to  cause  a  rapid  concentration  of  the  new- 
born cementite  towards  B,  and  so  give  rise  to  well-marked 
cementite  centers,  about  which  coagulation  would  be  rapid. 
Thus  there  would  be  relatively  few  dominant  lines  B,  represent- 
ing the  previous  cementite  spines,  the  attraction  of  which  would 
so  far  outweigh  that  of  the  intermediate  lines  like  C,  D,  and  E 
that  coagulation  about  B  would  be  relatively  rapid.  Still  higher 
heating  and  further  scattering  of  the  carbon  from  B  would  pro- 
portionally weaken  it  as  a  center  for  coagulation  in  the  ensuing 
cooling,  giving  C,  D,  and  E  a  chance  to  set  up  their  minor  local 
centers  of  coagulation.  The  result  would  be  that  coagulation 
about  a  much  larger  number  of  nearly  evenly  balanced  centers 
of  attraction  would  be  much  longer  in  developing  aggregations 
large  enough  to  be  visible,  or  in  other  words  that  the  coagulation 
of  the  irresoluble  sorbite  into  resoluble  pearlite  would  be  retarded. 

(4)1  (5),  and  (6).  But  I  do  not  see  how  effects  (4),  (5), 
and  (6)  are  to  be  explained  by  this  increase  of  equalization. 
Thus  I  fall  back  on  (a),  the  strengthening  of  the  crystallizing 
organization,  as  the  only  hypothesis  by  which  I  can  explain 
these  phenomena  as  a  whole.  It  is  to  be  hoped  that  some  more 
cogent  explanation  may  be  discovered. 

33.  Principle  11.  The  Network  Structure  in  Very -Low- 
Carbon  Steel. — The  transformation  of  very-low-carbon  steel  in 
cooling  generates  so  great  a  quantity  of  ferrite,  and  reduces  the 
residual  austenite  to  so  small  a  mass,  that  the  ferrite  walls  of 
the  resultant  cells  have  the  appearance  rather  of  a  ground  mass 
in  which  the  residual  kernels  of  austenite,  and  of  the  pearlite 
into  which  it  transforms  on  passing  below  the  transformation 
range,  are  suspended.  And  the  eating  away  of  these  kernels  as 
they  progressively  shrink  through  generating  more  and  more 
ferrite,  may  take  place  so  unevenly  as  to  leave  them  as  long 

20 
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narrow  islands,  so  that  they  suggest  a  network  structure  in  which 
they  form  the  cell-walls  and  the  ferrite  groundwork  forms  the 
kernels.  The  disentwining  of  the  pearlite,  the  absorption  of 
its  ferrite  by  the  ferrite  cell-walls,  and  the  balling  up  of  its 
cementite,  further  conceal  the  network  structure. 

In  interpreting  the  structure  its  genesis  should  be  borne  in 
mind.  In  its  light  the  structure  often  seems  to  be  truly  reticular, 
but  with  extremely  thick  ferrite  cell-walls  and  very  small  dis- 
torted pearlite  kernels.  In  this  view,  coarse  austenite  grains 
in  very-low-carbon  steel  should,  in  passing  through  the  trans- 
formation range,  yield  coarse  grains  of  ferrite. 

34.  Principle  12.  The  development  of  cell-walls  requires  a 
certain  length  of  time. — During  the  cooling  through  the  trans- 
formation range  the  ferrite  is  generated,  if  not  in  the  form  of 
single  atoms  quickly  grouping  themselves  into  molecules,  at 
most  in  the  form  of  particles  so  much  smaller  than  the  wave 
lengths  of  light  that  to  make  them  visible  is  probably  far  beyond 
the  powers  not  only  of  our  present  microscopes  but  of  all  future 
ones  relying  on  such  light  as  we  now  know.  They  become 
distinguishable  from  the  surrounding  pearlite,  that  is,  visible, 
only  through  coalescence,  which  in  so  sluggish  a  solid  as  red- 
hot  steel  may  take  an  appreciable  time.  Hence  a  certain  degree 
of  slowness  of  cooling  is  needed  to  enable  these  ferrite  particles 
to  coalesce  into  visible  masses,  and  thus  to  reveal  the  whole  of 
the  network  structure.  This  is  in  accord  with  Dr.  Boynton's 
observation  that  the  network  structure  was  lacking  in  his  hyper- 
cutectoid  steels  when  air-cooled  and  that  it  became  prominent 
when  they  were  furnace-cooled.  It  is  true  that  even  an  air- 
cooling  may  afford  the  time  needed  for  the  ferrite  in  hypo- 
cutectoid  steel  to  coalesce  into  visible  masses,  but  we  readily 
understand  that  such  a  specific  difference  in  behavior  between 
the  ferrite  and  the  cementite  in  these  cases  might  exist,  whether 
because  the  coalescence  of  cementite  is  habitually  slower  than 
that  of  ferrite,  or  because  the  cementite  in  this  particular  hyjicr- 
eutectoid  steel  was  slow  to  coalesce  into  visible  masses  because 
it  was  so  scanty.* 

This,  indeed,  is  an   important  difference  between   fcrrilr 

•Tompart  Paragniphi    la  «nd  17.  pp.  37i.  a*3;  Proponition  jo,  I'urikunipl)  <k\.  V-  JS7; 
•ad  D<iyiiton,  Iron  and  Su*l  Uatnint,  Vol.  ?•  1004.  p.  477. 
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and  cementite  in  general.  The  largest  quantity  of  free  cementite 
which  can  be  generated  in  any  steel  in  cooling  through  the  trans- 
formation range  should  be  about  14  per  cent,  of  the  whole  mass; 
whereas  the  ferrite  generated  in  such  cooling  should  form  56 
per  cent,  of  the  whole  mass  even  in  a  0.40-per  cent,  carbon  steel, 
and  89  per  cent,  in  a  o.io-per  cent,  carbon  steel. 

As  regards  coagulation,  what  is  thus  true  of  the  free  ferrite 
and  cementite  generated  in  cooling  through  the  transformation 
range,  is  true  also  of  the  pearlitic  ferrite  and  cementite.  A  cool- 
ing at  a  properly  chosen  intermediate  rate  allows  the  transforma- 
tion to  complete  itself  in  very  large  part  or  perhaps  completely, 
without  allowing  time  for  the  resultant  ferrite  and  cementite  to 
coalesce  into  visible  masses,  the  free  ferrite  or  cementite  into  a 
network,  etc.,  the  pearlitic  ferrite  and  cementite  into  pearlite. 
These  uncoagulated  irresoluble  conglomerates  are  called  "troost- 
ite"  if  the  transformation  still  falls  materially  short  of  comple-. 
tion,  and  sorbite  if  it  is  nearly  or  quite  complete. 

35.  Definitions:  Coagulated  and  Uncoagulated  Ferrite  and 
Cementite. — Such  iron  and  such  cementite  as  have  thus  ceased 
to  be  dissolved  but  have  not  yet  coalesced  into  masses  which 
can  be  detected  microscopically,  I  call  uncoagulated;  those  which 
have  coalesced  so  far  that  they  can  be  detected  I  call  coagu- 
lated. The  uncoagulated  might  indeed  be  called  "sorbitic"  or 
"emulsified"  or  "invisible."  Though  this  difference  is  purely 
one  of  degree,  and  though  a  magnification  of  1,600  diameters 
detects  some  ferrite  which  a  magnification  of  40  diameters  can- 
not, yet  the  distinction  is  useful  for  the  reason  which  makes 
that  between  mountains  and  hills,  beef  and  veal,  giants  and 
dwarfs,  and  men  and  boys  useful,  though  each  of  these  differences 
is  in  like  manner  one  purely  of  degree. 

36.  Principle  ij.  Progress  of  Structural  Development. — 
The  hypothesis  (Principle  9,  Paragraph  26,  page  295)  that  the 
massing  of  the  ferrite  is  densest  at  the  grain  boundaries,  next 
in  density  at  the  grain  cleavages,  and  least  dense  in  the  remainder 
of  the  grain,  naturally  implies  that,  during  the  coalescence  of 
that  ferrite  so  distributed,  that  about  the  grain  boundaries 
should  be  the  first  to  form  masses  thick  enough  to  be  seen,  that 
in  the  cleavages  should  be  next,  and  that  scattered  at  random 
through  the  grain  should  be  last.    Hence,  as  the  coalescence 
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proceeds  during  slow  cooling,  the  true  network  structure  should  be 
the  first  to  become  manifest;  the  grain  cleavages  second;  and 
the  irregular  islets  of  ferrite  representing  that  which  has  not 
been  thus  distributed  but  remains  scattered  at  random  through 
the  grains,  should  be  last. 

37.  Principle  14.  Spheroidizing  and  Granulation. — When 
the  ferrite  in  the  grain  boundaries  first  coalesces  sufficiently  to 
form  visible  masses,  it  forms  continuous  cell-walls.  But,  as 
they  grow  thicker,  those  walls  in  turn  tend  to  break  down  by  a 
spheroidizing  process,  the  tendency  of  the  ferrite  to  break 
away  from  the  form  of  thin  sheets  and  to  assume  that  of  small 
spheres,  just  as  when  three  drops  of  oil  standing  in  line  are 
brought  into  actual  contact,  their  surface  tension  tends  to  draw 
them  together  so  as  to  form  a  single  sphere.  The  cell-wall 
ferrite  can  obey  this  spheroidizing  tendency,  this  tendency  to 
break  away  from  military  line  into  skirmishing  groups,  without 
strong  opposition  from  the  austenite  grains  which  it  encloses. 
This  spheroidizing  of  the  cell-walls  is  the  beginning  of  the  break- 
ing up  of  the  network  structure. 

38.  Principle  15. — The  break-up  of  the  network  structure, 
thus  started,  continues  through  the  coalescence  of  the  ferrite, 
scattered  through  the  pearlite  grains  or  cell-kernels,  into  irregular 
islets.  These  mask  and  distract  attention  from  the  cell-wall 
ferrite,  which  at  the  same  time  further  breaks  away  from  its 
initial  continuous  shell  arrangement,  both  by  further  spheroidiz- 
ing and  by  coalescence  with  these  irregular  intra-murul  ferrite 
islets.  As  a  result  the  network  structure  gradually  becomes 
unrecognizable. 

The  progress  of  this  brcak-uj)  is  illustrated  by  the  series  of 
micrographs,  Figs.  18  to  22,  Plate  I,  which  show  the  structure  of 
Steel  I,  cooled  to  different  points  in  the  transformation  range 
slowly  enough  to  allow  the  break-up  of  the  network  structure,* 

•Five  wad*  of  Steel  I  (0.40  per  cent,  carbon),  |  in.  In  diameter  and  about  J  in.  long, 
were  heated  in  an  atmoaphere  rich  in  carlwnic  oxide,  in  the  cloned  porcelain  tube  of  a  Ilencua 
furnace,  to  1000*  (or  10  minutes,  ccM)led  slowly  in  the  fumuceto  the  tenipernture.nindicuted, 
and  then  quenched  in  cold  water,  except  No.  a 2,  which  wits  coolml  nlowly  to  room  teinpcniture. 
Noa.  tS,  10,  and  as  wore  treated  In  one  operation,  and  Nos.  30  and  ai  in  a  second.  No.  10 
waa  then  rehaatcd  to  740*  under  like  con-litions,  held  there  for  6  hours,  and  then  quenched 
In  cold  water,  when  it  had  the  structure  shown  in  Piv-  aj.  In  the  Interval  between  quenching 
any  given  apeoiOMn  *nd  quenching  the  preceding,  the  thermocouple  lay  exactly  above  that 
apecifnen. 

Thus  the  two  mtIm  of  apavinena,  Piga.  la  to  aa  and  34  to  aS,  are  of  the  same  steel  oftcr 
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in  contrast  to  the  parallel  Series  24  to  28  of  the  same  steel  cooled 
slowly  enough  to  allow  the  network  to  form,  yet  not  slowly 
enough  to  allow  it  to  break  up  again.  An  early  stage  of  the 
spheroidizing  of  the  cell- wall  ferrite  is  shown  in  Fig.  19,  in 
which  the  network  structure  is  still  evident;  but  the  cell- walls, 
instead  of  consisting  of  thin,  moderately  regular  sheets,  as  occurs 
when  the  cooling  is  moderately  rapid,  as  for  instance  in  the 
air  or  in  cold  powdered  clay  (Figs.  24  to  28,  Plate  I,  and  Rows 
5  to  8,  Plate  III),  have  drawn  together  into  spheroidal  masses. 
Figs.  20,  21  and  22,  Plate  I,  show  the  structure  of  the  same 
steel  cooled  very  slowly  within  the  furnace  to  points  still  lower 
in  the  transformation  range  or  below  it,  and  then  quenched  in 
water  to  fix  the  structure  then  formed.  By  the  time  that  the 
very  slow  cooling  had  reached  730°  the  cellular  structure  had 
become  very  vague;  and  by  the  time  650°  was  reached  it  had 
become  unrecognizable. 

Again,  comparing  (i)  Figs,  E  and  F  of  Row  10,  (2)  Figs. 
B,  C,  D  of  Row  II,  and  (3)  Figs.  B,  C,  D  of  Row  12,  Plate  IV, 
of  which  (i)  represents  the  slowest  and  (3)  the  fastest  cooling, 
we  note  the  early  stage  of  development  in  Row  12,  with  its  thin 
well-marked  lines  of  ferrite;  a  later  stage  in  Row  1 1  in  the  slower 
cooling  of  which  the  cell-walls  have  indeed  thickened  greatly, 
only  to  begin  their  course  of  degeneration  into  globular  masses; 
and  a  still  later  stage  in  E  of  Row  10,  cooled  still  more  slowly, 
where  these  globules,  though  leaving  the  network  structure  still 
traceable,  have  traveled  farther  on  the  downward  path,  assum- 
ing the  granular  shape  common  in  fully  de-reticulated  speci- 
mens. 

This  granular  stage  shows  us  that  some  influence  in  addition 
to  surface  tension  is  here  at  work,  apparently  the  attempt  of  the 
ferrite  grains  to  build  into  idiomorphic  crystals,  perhaps  both 
pushing  aside  the  pearlite  in  which  they  are  enclosed,  and  drawing 
on  its  ferrite.  This  angular  ferrite  structure  may  be  connected 
with  the  large  manganese  content  of  this  steel. 


treatment  which  was  in  general  alike,  save  that  the  si>ecimens  shown  in  Figs.  24  to  28  under- 
went a  retarded  air-cooling,  which  was  very  much  less  slow  than  the  furnace-cooling  of  the 
specimens  shown  in  Figs,  ig  to  22,  the  faster  cooling  preventing  and  the  slower  cooling  allowing 
the  break-up  of  the  network.  Beyond  this,  each  of  the  latter  specimens  was  a  separate  piece, 
drawn  and  quenched  separately  when  it  had  cooled  as  far  as  its  individual  quenching  tem- 
perature. 
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39.  Principle  16. — Thus  the  network  structure  represents  an 
intermediate  stage  of  the  general  structural  development,  when  the 
ferrite  massed  about  the  austenite  grain  boundaries  has  had 
time  to  coalesce  into  visible  cell-walls,  and  before  it  has  had  time 
to  obey  surface  tension  so  as  to  spheroidize,  and  break  ranks. 
Hence  the  facts  (i)  that  though  a  very  rapid  cooling,  as  by 
quenching  in  water,  so  far  restrains  coalescence  that  whatever 
free  ferrite  is  generated  remains  invisible;  (2)  yet  a  somewhat 
slower  cooling,  as  in  the  air,  while  it  gives  time  for  the  coal- 
escence in  the  grain  boundaries  (shells)  to  go  far  enough  to 
mass  the  ferrite  there  into  visible  cell- walls,  does  not  enable  the 
more  scattered  ferrite  within  the  bodies  of  the  several  grains  to 
coalesce  into  visible  masses,  with  the  consequence  that  the  net- 
work structure  is  very  striking;  and  (3)  a  very  slow  cooling,  as 
in  the  furnace,  allows  the  ferrite  within  the  individual  grains  to 
coalesce  to  such  an  extent  as  to  distract  attention  from  the  cell- 
walls  and  to  mask  them,  and  the  cell-walls  themselves  to  break 
ranks,  as  more  fully  set  forth  under  Principles  14  and  15,  Para- 
graphs 37  and  38,  page  308.  Sauveur  and  Boynton*  called 
attention  in  1903  to  this  fact,  that  whereas  steel  cooled  moder- 
ately slowly,  as  for  instance  in  the  air,  had  a  network  structure, 
"very  slow  cooling  .  .  .  from  similar  temperatures  was 
always  accompanied  by  the  formation  of  a  granulated  structure." 

A  rapid  cooling  which  sets  in  above  the  transformation  range 
and  hence  before  the  generation  of  the  ferrite  cell-walls  has  begun, 
seems  to  preserve  the  grain  boundaries  of  the  austenite  into 
which  the  ferrite  would  shortly  have  begun  massing  if  the  cooling 
had  remained  slow  till  the  transformation  range  was  entered. 
At  least  so  I  interpret  the  dark  grain  boundaries  in  Fig.  18,  Plate 
I,  which  shows  the  structure  of  a  0.40-pcr  cent,  carbon  steel  so 
treated.  The  polygons  here  I  take  to  be  wall-less  cells  or  grains, 
each  representing  what  was  a  grain  of  austenite  while  the  metal 
was  in  Region  4. 

40.  Principle  17.  The  Cleavage  Massing  of  the  Ferrite. — 
(Sec  I'rinciple  10,  Item  4.  I*aragraph  28,  page  297).  This  is  rep- 
resented by  the  well-marked  parallel  white  lines  in  Figs.  K  and 
F  of  Row  4,  Plate  II,  where  they  co-exist  with  a  very  strongly 

•  Th*  MtlatlotraphiMi,  Vol.  6,  iqoj,  p.  148.     Hut  I  huve  not  noticed  that  tboy  give  any 
oplanaiion  of  tbaa*  (act«.  lucb  aa  I  here  offer. 
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marked  network  structure;  by  the  parallel  offshoots  of  white 
ferrite  which  run  from  the  cell-walls  into  the  kernels  themselves 
in  Figs.  C,  D,  and  E  of  Row  5,  and  D  and  E  of  Row  6,  Plate  III, 
where  too  they  co-exist  with  the  network  structure;  and  in  general 
in  the  familiar  Widmanstattian  figuring  like  that  of  meteoric 
iron,  in  the  parallel  white  ferrite  lines  in  Fig,  22,  Plate  I,  and 
Fig.  F  of  Row  10,  Plate  IV,  in  which  the  network  structure 
has  passed  away. 

The  life  history  of  these  cleavage  massings  seems  to  be  like 
that  of  the  cell-walls  themselves,  first  a  coalescing  into  lines 
thick  enough  to  be  seen,  and  then  a  breaking  up  of  those  lines 
through  spheroidizing.  Thus  the  presence  of  these  lines,  like 
that  of  a  well-marked  network,  represents  an  intermediate  stage 
in  the  structural  development,  a  stage  at  which  these  lines  have 
had  time  to  form  but  not  yet  time  to  break  up  again  into  skirm- 
ishing groups.  Because  the  massing  is  less  strong  in  the  cleavage 
planes  than  in  the  grain  boundaries,  the  stage  in  which  they  are 
well  marked  should  be  a  later  stage  than  that  in  which  the 
network  structure  is  well  marked.  Moreover,  as  the  cleavage 
massing  differs  in  density  from  place  to  place,  so  the  cleavage 
lines  may  be  found  in  very  different  stages  of  the  structural 
development.  Look,  for  instance,  at  those  in  Figs.  E  and  F  of 
Row  4,  Plate  II,  which  co-exist  with  a  strongly  marked  network 
structure,  that  is,  in  a  relatively  early  stage;  and  again  at  those  in 
Fig.  22,  Plate  I,  which  are  well  marked  long  after  the  network 
structure  has  become  unrecognizable.  These  latter  cleavage 
lines  we  may  take  to  represent  a  relatively  sparse  massing,  which 
passes  through  the  stage  of  clearly  marked  lines  at  a  late  stage 
of  the  general  structural  cievelopment. 

The  break-down  of  these  parallel  cleavage  massijigs  is  prob- 
ably the  easier  because  they  are  pseudomorphs.  That  is  to  say, 
they  represent  the  massing  of  ferrite,  generated  during  the  passage 
down  through  the  transformation  range,  in  the  octahedral 
cleavages  of  the  then  existing  austenite  which  bore  that  ferrite. 
The  ferrite  thus  massed  is  pseudomorphous,  that  is,  actually 
distributed  octahedrally  though  it  is  not  itself  octahedral  by 
nature.  When  the  cooling  passes  the  bottom  of  the  transforma- 
tion range,  and  the  residual  austenite  changes  into  pearlite,  that 
government  which  has  caused  this  octahedral  cleavage  massing 
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abdicates,  thereby  removing  an  impediment  to  the  re-distribu- 
tion of  the  ferrite  according  to  its  natural  habit. 

That  the  cleavage  massing  does  tend  to  break  up  is  indicated 
not  only  by  its  frequent  absence  from  the  micrographs  of  slowly 
cooled  steel  in  which  it  should  once  have  existed,  but  also  by 
its  apparent  destruction  by  Benedicks,  by  means  of  an  extremely 
slow  cooling  below  the  transformation  range  and  its  preservation 
in  a  somewhat  faster  cooling  below  that  range.* 

That  it  can  be  made  extremely  persistent  by  long  high  heat- 
ing is  shown  primarily  by  its  habitual  presence  in  meteoric  irons 
in  spite  of  their  presumably  extremely  slow  cooling,  f  and  second- 
arily by  some  experiments  of  mine.  The  cleavage  massing 
of  Figs.  E  and  F  of  Row  4,  Plate  II,  fixed  by  holding  at  1200° 
and  1300°,  neither  sphcroidized  nor  gave  any  other  sign  of  break- 
ing ranks  after  later  holding  at  650°  for  6  hours  and  again  at 
700°  for  nearly  6  hours. 

We  can  readily  understand  that  these  cleavage  masses 
might,  under  favorable  conditions,  persist  not  only  for  a  long 
time  but  forever.  For  instance,  if  particles  of  inert  non-spheroid- 
izing  slag  should  be  scattered  through  them,  their  adhesion  to 
these  might  be  stronger  than  their  sphcroidizing  tendency  due 
to  surface  tension,  and  thus  they  might  resist  spheroidizing 
I>ermanently.      (See  end  of  Paragraph  42,  page  316.) 

41.  Principle  18.  Natal  and  Post-Natal  Influences. — We 
have  now  seen  that,  though  the  ferrite  which  forms  the  cell- 
walls,  and  the  ferrite  grains  scattered  within  the  cells,  do  not 
come  into  existence  until  cooling  reaches  the  transformation 
range,  and  though  in  consequence  those  walls  and  grains  are 
formed  in  and  below  that  range,  nevertheless  their  size,  shape, 

*Syntb«w  du  Per  Meteorique,  Neva  Acta  Rttict  Socielatis  Scitntiarum  Upsaliensis, 
8«riM  IV,  Vol.  3,  10 10,  p.  33  of  reprint. 

fOnnond  reasonably  miys  that  "  for  meteorites,  which  we  regard  a«  fragments  of  planets, 
th*  coolings  ar«  habitually  infinitely  slow  compared  with  those  which  we  coll  slow."  (Sur 
!••  Pan  Metcoriques,  Rtvue  de  MetaUur git.  Mf mains.  Vol.  i,  1904.  P-  78. 

It  ia  true  that  the  presence  of  the  Widmanstattian  or  octahedral  cloavuKC  massing  in 
meteoric  iron  auggeated  to  Benedicks  (op,  (it.  p.  21)  that  the  cooling  of  this  iron  below  its 
truuformation  range  muit  have  born  relatively  rapid,  because,  had  it  been  vcty  slow,  this 
cleavage  massing  would  have  broken  up.  But  he  probably  overlooked  the  fact  thut  the  long 
vary  high  beating  might  fix  this  structure  so  th:it  it  would  persist  t.vcn  through  an  extremely 
rfow  cooling.  Certainly  his  later  writings  aci-rpt  the  slowness  of  cooling  from  the  truiisfor- 
nation  ranga  down  (I>as  Ovlfaker  Blvei),  Mttalturti*,  Vol.  8,  luio,  p.  66,  and  Ein  Synthase 
vow  MataofaiaaH,  InlnHalionalfr  Kontrtu  fur  /irrf6aM,otc.,  Dusseldorf,  1910.  Berichte,  Abtei- 
lung  Thaoretiiehaa  Ilutunwoten.  pp'  .17). 
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and  general  arrangement,  as  we  reveal  them  by  means  of  our 
micrographs,  are  profoundly  affected  by  the  pre-natal  conditions, 
namely,  the  temperature  reached  in  Region  4  and  the  length  of 
exposure  to  it.  From  this  point  of  view  the  disposition  of  the 
ferrite  masses,  whether  in  cell- walls,  cleavages,  or  erratic  islets, 
and  the  size  and  shape  of  those  masses,  are  dependent  on  two 
radically  distinct  things,  (i)  pre-natal  and  (2)  natal  and  post- 
natal conditions.  First,  the  crystalline  structure  of  the  austenite 
formed  during  the  sojourn  in  Region  4,  its  growth  into  larger  or 
smaller  grains,  with  greater  or  less  power  of  expelling,  distributing, 
and  massing  in  its  own  boundaries  and  cleavages  the  ferrite  as 
it  generates  it  later,  that  is,  the  pre-natal  condition.  Second,  the 
natal  and  post-natal  conditions,  the  opportunity  for  the  ferrite 
so  distributed  and  concentrated  during  its  birth  by  the  mother 
austenite,  to  coalesce  during  the  life  and  after  the  death  of  its 
parent.  The  beginning  of  this  coalescence  of  the  ferrite  so  con- 
centrated in  the  cell  boundaries,  leads  to  the  development,  as  by  a 
photographic  developer,  of  the  outlines  of  the  austenite  grains, 
revealing  the  network  structure.  This  is  the  natal  and  post- 
natal coalescence  of  the  ferrite  concentrated  at  its  birth  into  the 
cell  boundaries.  The  coalescence  continues  in  certain  cases  by 
developing  in  like  manner  the  pre-natal  cleavages  which  had 
existed  in  the  austenite,  the  trace  of  their  existence  being  the 
parallel  ferrite  bands  and  the  Widmanstattian  figuring  revealed 
by  the  natal  and  post-natal  coalescence  of  the  ferrite  concen- 
trated there  in  its  birth.  The  coalescence  further  continues  by 
the  break-up  of  the  network  structure,  as  the  ferrite  masses 
which  constituted  that  structure  further  coalesce  into  masses 
irrelated  to  the  now  past  pre-natal  conditions. 

42.  Principle  ig.  Grain  Refining  of  Steel  Other  than  Ultra- 
Low-Carbon  Steel. — We  have  considered  under  Principle  8,  Para- 
graph 25,  page  294,  the  grain  refining  of  ultra-low-carbon  steel; 
and  under  Principles  9,  and  12  to  16,  Paragraphs  26  and  34  to 
39,  pages  295,306-310,  the  genesis  of  the  walled  cells  and  ferrite 
grains  of  steel  containing  any  important  quantity  of  carbon;  in 
short,  the  genesis  and  coarsening  of  its  heterogeneousness.  It 
remains  to  consider  the  breaking  up  of  this  coarse  heterogene- 
ousness, or  grain  refining. 

Whether   the  network    structure   remains  manifest  or  is 
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masked,  it  is  evident  that  the  grain  refining  of  a  steel  of  any 
considerable  carbon  content  is  more  complex  than  that  of  simple 
dead-low-carbon  steel.  This  latter  consists  practically  of  ferrite 
alone;  and  its  grain  refining  consists  simply  in  breaking  up  the 
coarse  grains  of  ferrite  and  replacing  them  with  fine  grains  without 
implying  any  migration  of  any  molecule. 

But  a  glance  at  Fig.  E  of  Row  4,  Plate  II,  shows  that  this 
would  not  suffice  to  refine  a  coarsened  steel,  say  of  0.40  per  cent, 
carbon.  Suppose  for  the  moment  that  each  islet  of  ferrite  in  it 
is  composed  of  a  single  coarse  grain;  and  that  by  some  means 
each  of  these  islets,  though  remaining  intact  as  an  islet  and 
without  change  of  its  size  or  shape  as  a  whole,  has  its  crystalline 
structure  changed  in  such  a  way  as  to  convert  it  into  a  vast 
number  of  minute  grains,  the  molecules  of  each  of  which  remain 
in  place  during  the  change.  That  would  be  indeed  a  grain  refin- 
ing of  the  ferrite,  but  not  of  the  conglomerate  of  which  the  steel 
as  a  whole  consists.  For  that  steel  would  still  retain  its  coarse 
conglomerate  structure,  with  coarse  islets  of  fine-grained  ferrite 
in  a  ground  mass  of  pearlite.  Such  a  conglomerate  would  still 
be  coarse  grained,  just  as  a  concrete  made  with  coarse  lumps 
of  quartzite  would  remain  coarse-grained,  even  though  each  of 
those  lumps  of  quartzite  were  itself  composed  of  myriads  of 
ultra-microscopic  grains  of  quartz. 

In  order  to  remove  this  feature  of  the  grain-coarseness  these 
islets  of  ferrite  must  be  effaced.  This  is  true  whether  the  net- 
work structure  in  the  coarse-grained  steel  is  still  manifest  or 
has  been  masked;  and  it  is  true  not  only  of  the  ferrite  of  the 
cell-walls  but  also  of  the  ferrite  islets  scattered  through  the  kernels 
themselves.  This  effacement  can  occur  only  through  the 
re-absorj^tion  of  the  ferrite  islets  by  the  austenite  which  surrounds 
them,  as  the  steel  rises  through  and  out  of  the  transformation 
range,  and  can  complete  itself  only  on  rising  past  the  temperature 
Ac3,  as  explained  in  Paragraphs  5  and  6.  patios  26s.  267.  Thus 
Ac3  is  the  grain-refining  temperature. 

That  this  re-absorption  cannot  bt-  instantaneous  is  self- 
evident. 

To  fix  our  ideas  let  us  assume  that  there  is  a  well-marked 
network  structure.  Rc-abs()rj)ti(>n  here  im|>Hes  the  o(|u;ilizing 
of  the  composition,  giving  the  places  initially  ociiipied  by  the 
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ferrite  (or  cementite)  cell-walls  the  same  composition  as  the 
kernels  which  they  enclose;  and  this  equalizing  can  take  place 
only  through  a  double  process  of  diffusion.  In  the  case  of 
hypo-eutectoid  steel  these  walls  contain  more  iron  than  the 
kernels,  and  they  lack  carbon  nearly  or  quite  completely.  The 
process  of  equalizing  then  necessarily  implies  (i)  the  difTusion 
of  enough  carbon  from  within  the  kernels  into  the  cell-walls  to 
give  the  whole  a  uniform  carbon  content;  and  (2)  a  simultaneous 
outflow  of  enough  iron  from  those  cell-walls  into  the  kernels 
to  give  a  uniform  iron  content  throughout.  Such  uniformity 
moreover  implies  a  movement  which  extends  from  the  center 
of  each  kernel  to  the  middle  of  each  cell-wall,  and  the  actual 
migration  of  certain  of  the  molecules  of  carbon  through  a  distance 
at  least  equal  to  half  the  thickness  of  the  cell-walls.  It  is  true 
that  this  process  of  equalization  through  re-absorption  and 
diffusion  is  going  on  through  the  whole  of  the  passage  up  through 
the  transformation  range;  so  that,  if  that  passage  is  only  slow 
enough,  a  very  large  part  of  the  equalization  will  have  occurred 
by  the  time  the  upper  limit  Ac3  of  that  range  is  reached.  Hence 
the  length  of  sojourn  above  Ac3  needed  to  effect  the  last  touches 
of  equalization  should  be  inversely  as  the  time  occupied  in  reach- 
ing Ac3. 

I  wish  to  emphasize  my  opinion  that  thorough  grain  refining 
requires  a  complete  or  very  nearly  complete  equalization  of 
carbon  content,  or  the  effacement  of  the  initial  impoverishment 
in  carbon  along  the  cell-walls  and  ferrite  islets.  As  long  as  this 
local  impoverishment  in  carbon  remains  uneffaced,  the  mass 
has  in  a  sense  a  coarse  structure.  That  is  to  say,  there  lie  within 
it  regions  poor  in  carbon,  separated  from  each  other  by  wide 
regions  richer  in  carbon;  and  the  very  fact  that  these  higher- 
carbon  regions  separating  the  lower-carbon  ones  are  wide,  in  and 
by  itself  means  a  coarseness  of  heterogeneousness,  and  in  that 
sense  a  coarseness  of  structure,  the  existence  of  large  regions  of 
greater  tenacity  and  less  ductility,  alternating  with  other  regions 
of  less  tenacity  and  greater  ductility.  This  coarse  heterogene- 
ousness is  harmful. 

This  conception  seems  to  me  very  important,  and  a  mass  of 
our  phenomena  fall  into  line  if  seen  from  this  standpoint.  A 
steel  which  has  been  imperfectly  grain-refined  by  too  short  a 
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holding  above  Ac3,  when  again  reheated,  for  example  to  650°, 
for  annealing,  very  readily  develops  milky  ways.  These  are 
strong  evidence  that  the  effacement  of  the  cell- wall  and  ferrite- 
grain  impoverishment  is  incomplete.  It  means  that,  where  these 
milky  ways  arise,  there  the  carbon  content  as  a  whole  is  lower 
than  in  the  rest  of  the  mass,  with  the  result  that  there  the  ferrite 
is  in  greater  excess  over  the  pearlite,  or  that  there  the  sorbite 
is  richer  in  ferrite  and  poorer  in  cementite,  both  of  them  to  be 
sure  indistinguishable  under  the  microscope.  And  where  the 
ferrite  is  in  greater  excess,  there  it  the  more  readily  coalesces 
into  the  visible  masses  of  these  milky  ways.  We  have  seen  that 
the  coarse  heterogeneousness,  the  coarse  network  and  granular 
structure  arise  through  the  coarsening  of  the  austenite  grains 
in  Region  4,  followed  by  the  fixing  of  their  coarseness  by  the 
concentration  of  ferrite  in  their  boundaries  in  cooling  through 
the  transformation  range,  which  concentration  of  ferrite  is  in 
effect  a  local  impoverishment  in  carbon.  When  the  steel  thus 
coarsened  is  reheated  above  Ac3  into  Region  4  for  the  purpose 
of  grain  refining,  these  carbon-poor  regions  are  immediately 
invaded  by  carbon  from  the  surrounding  austenite,  and  if  held 
in  Region  4  long  enough  this  invasion  will  restore  a  uniform  car- 
bon content.  But  until  this  diffusion  has  become  complete,  the 
steel  when  again  cooled  will  retain  this  local  impoverishment  in 
carbon,  with  the  consequence  that  milky  ways  and  ghost  lines 
readily  reappear  there. 

From  this  point  of  view  the  influence  of  slag  in  impeding 
grain  refining  may  well  be  in  large  part  mechanical.  It  impedes 
mechanically  the  invasion  of  the  impoverished  regions,  the 
ferrite  cell-walls  and  ferrite  grains,  by  the  migrating  carbon, 
and  thus  tends  to  perpetuate  the  local  impoverishment.  Hence, 
because  the  slag-bearing  areas  when  re-cooled  past  An  into 
Region  8A  remain  imjK)verished  in  carbon,  and  hence  richer  in 
ferrite,  than  the  surrounding  areas,  there  the  ferrite,  because 
more  abundant,  the  more  quickly  coalesces  into  visible  masses. 
In  addition  the  slag  may  have  the  precipitating  effect  g(>nernlly 
a.scribed  to  it,  provoking  the  coalescence  of  the  local  ferrite  ijito 
visible  masses  somewhat  as  a  crumb  of  bread  provokes  the 
evolution  of  gas  in  a  glass  of  champagne.  Further  study  must 
dcteriiuiu-  wlii(  h  of  these  two  possible  causes  is  the  luoii-  inipor- 
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tant.  Slag  may  conceivably  act  in  a  third  way,  impoverishing 
the  mass  locally  in  carbon  by  oxidizing  that  carbon. 

43.  Principle  20.  Normal  and  Load  Acj  or  Grain-Refining 
Temperature. — In  passing  we  may  n^-te  that  the  grain  refining  of 
the  ferrite  islands  themselves  ought  not  to  be  expected  to  occur  at 
the  Ac3  of  the  given  steel,  say  825°  C.  in  our  present  case  of 
0.40-per  cent,  carbon  steel,  so  long  as  they  remain  unabsorbed  fer- 
rite islets.  This  is  seen  most  readily  by  considering  the  case  of  the 
interior  of  one  of  those  islets  to  which  we  may  for  the  moment 
assume  that  no  carbon  at  all  has  penetrated.  Steel  in  which 
such  unabsorbed  islands  exist  is  in  effect  a  conglomerate,  in 
this  case  and  at  this  high  temperature  of  austenite  with  unab- 
sorbed pure  ferrite  islands.  As  regards  undergoing  the  Ac3 
transformation  from  beta  ferrite  into  austenite,  these  islands 
are  a  law  unto  themselves.  They  will  transform  when  they 
reach  the  temperature  at  which  they,  taken  apart  and  in  and  by 
themselves,  are  due  to  transform,  allowance  of  course  being  made 
for  lag,  or  at  about  895°.  The  fact  that  neighboring  masses 
with  a  higher  carbon  content  are  transforming  when  the  mass 
as  a  whole  reaches  the  temperature  which  corresponds  to  Ac3 
for  their  particular  carbon  content,  say  750°  if  their  carbon 
content  is  about  0.75  per  cent.,  does  not  cause  these  unabsorbed 
ferrite  islands  to  transform  before  they  reach  the  higher  tempera- 
ture, 895°,  at  which  in  virtue  of  their  lack  of  carbon  they  are 
due  to  transform. 

Thus  we  must  distinguish  between  the  normal  Ac3  tempera- 
ture which  applies  to  the  steel  as  a  whole  after  its  carbon  content 
has  become  uniform  throughout  by  diffusion,  and  the  local 
Ac3's  of  its  different  constituent  parts,  so  long  as  its  carbon 
content  varies  from  place  to  place  because  of  incomplete  diffusion. 
In  those  parts  where  unabsorbed  ferrite  islands  remain,  the  local 
Ac3  is  above  that  of  the  steel  as  a  whole;  in  the  remaining  parts, 
forced  to  be  richer  in  carbon  than  the  normal  by  the  very  fact 
that  those  ferrite  islands  are  poorer  than  the  normal,  the  local 
Ac3  is  below  the  normal  AC3.  And,  following  the  same  reasoning, 
as  the  carbon  gradually  diffuses  into  each  spot  which  was  initially 
a  ferrite  island,  and  the  carbon  content  of  that  spot  correspond- 
ingly increases,  that  rise  of  carbon  content  causes  a  correspond- 
ing descent  of  the  temperature  Ac3  needed  for  converting  it 
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into  austenite,  and  hence  presumably  needed  for  breaking  up 
its  coarse  grain. 

Indeed  it  follows  from  the  phase  rule  that  a  given  spot 
where  a  ferrite  island  has  been,  cannot  change  into  austenite 
at  the  normal  Ac3  temperature  of  the  given  steel,  and  thereby 
undergo  the  grain  shattering,  unless  its  carbon  content  is  at 
least  as  high  as  that  for  which  this  temperature  is  the  Ac3  point, 
which  is  equivalent  to  saying,  unless  it  has  the  carbon  content 
of  the  given  steel  as  a  whole;  which  in  turn  is  equivalent  to 
saying  that  it  cannot  so  change  and  be  refined  till  equalization 
is  complete,  because  not  till  then  can  such  a  spot  reach  that 
carbon  content. 

44.  Up  to  this  point  we  have  considered  the  grain  refining 
by  the  re-absorption  of  cell-walls  and  of  the  ferrite  islets  alone. 
It  remains  to  consider  that  of  the  remainder  of  the  mass.  In  the 
slowly  cooled  steel  this  remainder  consists  of  pearlite.  In  heating 
up,  this  pearlite  changes  into  austenite  when  the  temperature 
rises  past  Aci,  and  this  change  is  probably  rapid  because  the  two 
constituents  which  have  to  reach  and  diffuse  into  each  are  in 
general  so  extremely  fine  and  so  intimately  mixed.  It  is  doubt- 
ful whether  the  pearlite  can  be  said  to  have  any  true,  that  is, 
idiomorphic,  grain  or  crystalline  structure  of  its  own;  we  have 
rather  to  suppose  that  it  consists  of  extremely  minute  crystals 
of  ferrite  and  others  of  cementite,  each  with  its  own  independent 
crystalline  structure.  Even  the  line  structure  of  these  is  probably 
shattered  when  they  merge  and  change  into  austenite  at  Aci. 

To  sum  this  all  up,  the  grain  refining  of  steel  of  any  consider- 
able carbon  content  consists  (i)  in  the  shifting  of  its  pearlite 
into  austenite,  which  occurs  spontaneously  on  rising  past  Aci; 
(2)  in  the  effacement  of  the  islets  of  ferrite  by  diffusion,  which 
can  complete  itself  only  at  or  above  Ac3.  This  completion  of 
the  diffusion  is  preceded  by  a  completion  of  the  change  of  that 
ferrite  into  austenite,  which  change,  as  stated  in  Principle  8, 
Paragraph  25,  page  204,  is  probably  accompanied  by  a  complete 
effacement  of  whatever  grain  size  that  ferrite  had. 

A  natural  conscfjuence  of  this  condition  of  affairs  is  that  the 
grain  refining  of  such  steel  requires  heating  to  the  Ac^  of  the 
steel  as  a  whole,  but  in  order  to  effect  it  at  Ac^  the  sojourn  there 
must  be  long  enough  to  j)ermit  complete  e(|ualization  by  diffusion. 
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Exposure  to  any  higher  temperature  would  naturally  hasten 
diffusion,  but  at  the  cost  of  coarsening  the  austenite  grains  in 
accordance  with  Principle  5,  Paragraph  21,  page  289. 

45.  Principle  21.  Fine-Grain  Annealing. — This  grain  refin- 
ing has  to  be  fixed  by  a  cooling  as  rapid  as  is  consistent  with 
avoiding  undue  cooling  stresses. 

In  such  a  rapid  coohng  much  of  the  transformation  is  actu- 
ally suppressed,  so  that  the  steel  is  actually  hardened;  that  is 
to  say,  instead  of  consisting  of  a  conglomerate  of  pearlite  and 
ferrite  as  slowly  cooled  steel  does,  it  consists  in  large  part  of 
substances  intermediate  between  austenite  and  that  mixture. 
Steel  in  this  hardened  state  is  unsuited  to  most  uses;  hence  this 
hardening  is  usually  undone  by  annealing,  reheating  to  between 
500°  and  650°,  at  which  temperatures  the  metal  is  mobile  enough 
to  allow  the  arrested  transformation  to  proceed,  so  as  to  convert 
the  whole,  or  nearly  the  whole,  into  a  mixture  of  alpha  ferrite 
plus  pearlite,  or  more  accurately  sorbite,  which  is  an  uncoagu- 
lated  conglomerate  of  (i)  the  components  of  this  pearlite  with 
(2)  either  this  ferrite,  or  in  the  case  of  hyper-eutectoid  steel,  the 
corresponding  uncoagulated  cementite. 

The  advantage  of  thus  substituting  a  rapid  cooling  plus 
a  moderate  reheating  for  a  simple  slow  cooling  from  the  grain- 
refining  temperature  is  this:  A  slow  coohng  through  the  trans- 
formation range  implies  a  long  sojourn  at  the  high  temperatures 
of  that  range;  and  at  those  high  temperatures  the  metal  is  so 
mobile  that  the  ferrite  which  is  generated  progressively  in  passing 
down  through  that  range  can  readily  coalesce  into  harmfully 
large  grains,  and  even  into  objectionably  coarse  network  if  the 
sojourn  above  that  range  had  been  high  and  long  enough  tc 
re-form  coarse  austenite  grains.  But  in  a  quenching  or  hardening 
followed  by  a  reheating  to  between  500°  and  650°,  first  whatever 
small  quantity  of  ferrite  is  generated  in  the  rapid  passage  down 
through  the  transformation  range  has  but  insignificant  time  given 
it  to  coalesce  at  the  high  temperature  of  that  range;  and  when  the 
mass  is  reheated  to  between  500°  and  650°,  and  the  suppressed 
generation  of  ferrite  now  occurs,  the  temperature  is  so  low,  and 
the  metal  therefore  so  rigid,  that  the  coalescence  of  the  ferrite 
into  harmfully  large  masses  is  prevented. 

So,   too,   the  coalescence  of    the  constituent  ferrite    and 


320  Ho\A-E  ON  Structure  of  Steel. 

cementite  of  the  pcarlite  itself,  the  ferrite  particles  flocking  by 
themselves  into  rods  or  sheets,  and  the  cementite  particles  by 
themselves  into  rods  or  sheets  parallel  with  those  of  ferrite, 
is  so  far  restricted  that  the  resultant  masses  of  ferrite  and  cemen- 
tite respectively  are  indistinguishable  under  the  strongest 
magnification,  and  form  an  ultra-microscopic  emulsion,  which 
Osmond  has  called  "sorbite,"  after  the  illustrious  founder  of 
microscopic   metallography. 

We  should  recognize  distinctly  the  part  played  by  these 
several  thermal  movements.  The  grain  refining  is  brought 
about  by  the  sojourn  just  above  the  top  of  the  transformation 
range,  AC3.  The  fineness  of  grain  is  fixed  by  a  rapid  cooling, 
which  prevents  the  re-coarsening  that  would  have  occurred  dur- 
ing a  slow  cooling  through  that  range.  The  hardening  which 
this  rapid  cooling  incidentally  causes  is  undone  by  reheating 
to  a  temperature  (500°  to  650°)  high  enough  to  allow  the  sup- 
pressed transformation  from  austenite  into  the  constituents  of 
pearlite  plus  ferrite  to  proceed,  yet  not  high  enough  to  allow  that 
ferrite  to  coalesce  into  harmfully  coarse  particles.  Hence  the 
proposed  name  fine-grain  annealing. 

46.  Principle  22.  Influence  of  Rate  of  Cooling  on  Network 
Size. — We  have  seen  under  Principles  5,  7,  and  9,  Paragraphs  21, 
23,  and  26,  pages  288,  291,  and  295,  that  the  true  walled-cell  or 
network  size  represents  the  size  reached  by  the  austenite  grains; 
that  this  size  increases  with  the  opportunity  for  coalescence; 
that  this  opportunity  does  not  exist  below  the  transformation 
range;  that  growth  is  obstructed  in  the  transformation  range 
by  the  presence  of  the  ferrite  or  cementite  with  which  the  aus- 
tenite there  forms  a  mechanical  mixture;  that  this  obstruction 
increases  as  the  temperature  descends  through  this  range,  and 
also,  from  specimen  to  specimen,  as  the  carbon  content  departs 
in  either  way  from  the  cutectoid  ratio  of  0.90  jkt  cent.;  but  tliat 
coalescence  becomes  more  rapid  as  the  temperature  rises  farther 
above  the  transformation  range,  so  that  the  advantageous 
opportunity  for  coalescence  increases  with  th<'  IcihMIi  ami  height 
of  the  heating  above  that  range. 

From  these  considerations  we  infer  tiiat  the  rate  of  cooling 
should  affect  the  austenite  grain  size,  and  its  successor  the  walled- 
cell  size,  pnly  in  so  far  as  it  alTects  the  total  opportunity  for 
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coalescence;  and  that  in  general  an  increased  length  of  time 
spent  in  cooling  should  be  less  effective  in  increasing  the  walled- 
cell  size  than  a  like  increase  of  the  time  spent  at  the  highest 
temperature  reached,  because  of  the  greater  mobility  at  this 
higher  temperature.  In  particular  the  rate  of  cooling  through 
the  transformation  range  should  affect  the  true  walled-cell  size 
relatively  little,  though  it  may  affect  the  apparent  size,  by  affect- 
ing both  the  plainness  with  which  the  ferrite  marks  out  those 
walled  cells,  and  the  degree  to  which  the  cleavage  massings 
counterfeit  the  true  grain  outlines. 

This  principle  of  course  must  be  applied  with  intelligence. 
In  case  of  a  very  rapid  heating  to  a  high  temperature  followed 
immediately  by  a  slow  cooUng,  the  opportunity  for  coalescence 
may  be  very  much  greater  during  the  slow  cooling  than  during 
the  rapid  heating  and  the  momentary  stay  at  the  peak  tem- 
perature; whereas,  after  a  long  holding  at  a  high  temperature, 
slow  cooling  should  have  little  effect  on  the  network  size,  because 
it  increases  the  total  opportunity  for  austenite  grain  growth  by 
so  small  a  fraction. 

47.  Principle  2j.  Influence  of  Rate  of  Cooling  on  Grain  Size. 
— From  the  facts  (i)  that  the  size  of  the  ferrite  grains  represents 
the  degree  to  which  the  ferrite  particles  have  coalesced,  and  (2) 
that  this  coalescence  cannot  begin  till  they  come  into  existence 
in  coohng  through  the  transformation  range,  it  follows  that  the 
ferrite  grain  size  ought  to  increase  with  the  slowness  of  cooling 
from  the  top  of  the  transformation  range  down. 

After  a  very  short  holding  at  the  peak  temperature  a  slow 
cooling  above  the  transformation  range  may  increase  the  ferrite 
grain  size  materially,  because  this  slowness  is  an  effective 
increase  in  the  opportunity  which  the  austenite  has  to  perfect 
its  crystalline  organization,  and  through  this  to  increase  the  local 
massing  of  ferrite  as  explained  under  Principle  10,  Paragraph 
29,  page  300,  which  shows  how  long  high  heating  comes  to 
increase  the  ferrite  grain  size. 

In  the  case  of  very- low-carbon  steel,  the  ferrite  grains  of 
which  seem  to  inherit  the  grain  size  of  the  austenite,  slow  cooling 
both  above  and  below  the  transformation  range  may  be  expected 
to  increase  the  ferrite  grain  size,  above  by  increasing  the  austenite 
grain  size  (with  the  limitations  set  forth  under  Principle  22, 
21 
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Paragraph  46,  page  320),  and  below  by  lengthening  the  oppor- 
tunity for  direct  ferrite  grain  growth. 

48.  Principle  24. — The  cjfect  of  manganese  and  nickel, 
severally  and  jointly,  is  to  increase  lag  and  otherwise  to  retard; 
in  short  to  sluggardizc.  Look,  for  instance,  at  Osmond's  original 
diagram  of  the  nickel  steels,  Fig.  4.  The  gradual  descent  of 
Ac  I  with  rising  nickel  content  shows,  indeed,  that  nickel  lowers 
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Fig.  4. — Osmond's  Nickel-Iron  Diagram. 
(Prorrffiint'i    7n\iituiii>ii  of  Civil  F.fii'hicers,  ViA.  1  ;S,  i,S()8-99.) 


the  true  or  ecjuilibrium  position  oi  Ai ;  but  the  rapid  widening  of 
the  gap  between  Aci  and  An  with  rising  nickel  content  shows 
that  the  effect  of  nickel  in  increasing  lag,  in  making  the  metal 
sluggish,  is  still  more  pronounced.  We  may  imagine  that, 
closely  related  as  the.se  three  metals  are,  they  are  yet  sufViciently 
unlike  not  to  act  interchangeably  in  the  transformation;  that 
the  atoms  of  nickel  and  manganese  are  as  it  were  foreign  bodies, 
fllliiiiii.f  till'  iio?!  ;iiim,<  -ill  flu-  ri>'>rr  cn'MicntK'  bcciii^c  flic\'  ;ire 
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so  closely  alike  that  they  mix  freely  wath  them  in  the  austenite, 
cementite,  etc.* 

It  is  as  if  ice  had  exactly  the  density  of  water  at  0°,  so 
that  particles  of  ice  and  of  water  could  remain  intimately  mixed. 
Ihe  resultant  mixture  would  be  very  sluggish.  Much  less  water 
could  pass  through  a  given  canal  if  it  were  mixed  in  equal  parts 
with  fine  particles  of  ice  under  these  imaginary  conditions,  than 
under  the  actual  conditions  which  leave  the  ice  at  the  top  and 
the  water  beneath  free  to  run. 

Twenty-five  per  cent,  nickel  steel  and  12-per  cent,  manganese 
steel  are  both  austenitic,  or  in  other  words  have  when  cold  the 
structure  which  common  carbon  steel  has  when  above  the 
transformation  range  in  Region  4,  because  this  large  quantity  of 
these  retarding  elements  so  retards  the  transformation  that,  even 
in  usual  slow  cooling,  it  fails  to  occur.  Steel  of  an  intermediate 
content  of  nickel  or  manganese  is  martensitic  when  cold,  that  is, 
has  the  structure  and  properties  characteristic  of  common  carbon 
steel  when  it  is  in  a  state  intermediate  between  that  of  austenite 
normal  to  Region  4  above  the  transformation  range  and  that  of 
pearlite  normal  to  Regions  8A  and  8B  below  that  range,  because 
this  intermediate  quantity  of  these  retarding  elements,  though 
not  enough  to  arrest  the  transformation  completely,  suffices  to 
check  it  when  it  has  gone  as  far  as  the  martensite  state.  I  do 
not  here  discuss  the  precipitation  of  cementite  in  the  slow  cooling 
of  Hadfield's  commercial  manganese  steel. 

This  same  retarding  effect  in  the  case  of  manganese  restrains 
the  coalescence,  whether  of  austenite  when  in  Region  4,  thereby 
lessening  the  coarseness  of  the  network;  of  ferrite,  during 
and  after  the  transformation,  into  grains  large  enough  to  be 
visible,  thereby  lessening  the  ferrite  grain  size ;  or  of  the  twin 
constituents  of  pearlite  into  lamellae.  Further,  in  restraining 
the  coalescence  of  ferrite  within  the  bodies  of  the  grains  as 
distinguished  from  the  cell-walls,  it  restrains  the  break-up  of 
the  network  structure  to  which  that  coalescence  leads.  The 
direct  retarding  effect  of  manganese  on  the  coalescence  during 
cooling  is  reinforced  by  its  indirect  effect  in  increasing  the  lag 

♦Osmond  pointed  out  as  early  as  1888  certain  of  these  retaiding  effects  of  manganese, 
namely,  that  it  not  only  lowered  the  transformation  range  as  a  whole  but  made  the  trans- 
formation incomplete,  so  that  even  after  slow  cooling  some  of  the  iron  was  still  in  the  beta 
state.     (Transformations  du  Fer  et  du  Carbone,  pp.  48-51.) 
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of  the  transformation,  and  so  lowering  the  range  of  temperature 
through  which  that  transformation  occurs,  so  that  the  birth  of 
the  ferrite  in  passing  through  the  transformation  range  and  of 
f>earHte  at  its  end,  An,  occurs  at  a  lower  temperature,  at 
which  of  course  the  metal  is  more  sluggish.  In  brief,  sluggishness 
from  lowering  of  the  birth-temperature  of  ferrite  and  pearlite 
reinforces  sluggishness  due  directly  to  the  presence  of  manganese. 


PART  III.     PROPOSITIONS  GOVERNING  THE  STRUCTURE 
OF  CARBON  STEEL. 

49.  Propositimi  i.  Low-carbon  steel  (say  0.12  per  cent, 
of  carbon  or  less)  coarsens  progressively  and  without  limit  at 
temperatures  between  600°  and  say  770°,  that  is,  in  Region  7  and 
in  the  upper  part  of  Region  8A.  This  proposition  is  amply 
proved  by  Stead's  classical  experiments.*  in  which  he  found 
not  only  that  the  ferrite  grains  might  grow  to  very  great  size 
in  this  range,  but  that  the  size  reached  increased  with  the  length 
of  exposure.!  Joisten  has  lately  shown  that  this  grain  size 
increases  not  only  with  the  temperature  reached  but  also  with  the 
length  of  exposure.!  Indeed,  a  prolongation  of  the  exposure  in 
certain  of  his  experiments  accelerates  the  grain  growth  to  an 
extraordinary  degree.  His  photographs  and  diagram,  as  well 
as  Stead's  results,  show  how  very  capricious  the  grain  growth  is. 
Concerning  the  influence  of  length  of  exposure  see  Paragraph  56, 
page  343- 

Fay  and  Badlam  also  found  a  veiy  slight  grain  growth  in 
this  region  in  their  0.07-per  cent,  carbon  steel. §  The  slightness 
of  their  growth  is  readily  exj^lained  (i)  by  the  probably  briei 


•The  Cryttalline  Structure  of  Iron  and  Steel;  Journal,  Iron  and  SUH  Jnstilule,  Vol.  i, 
1808,  pp.  145-180.  Brittleneits  Produced  in  Soft  Steel  by  Annealing;  Idem,  Vol.  3,  1898, 
PI).  i37-«$4. 

t  Dr.  8t«ad  •pecifically  Mys  of  this  Rrain  (trowth.  which  occura  in  the  48-hour  annealing 
of  fheet  (tecl  containing  between  o.'is  and  0.13  per  cent,  of  curlion,  "These  chanKus  arc  not 
effected  rapidly.     Time  i«  an  itntjortant  fnctor."     Idfm,  Vol.  a,  1808,  p.  145. 

He  further  sayi,  "On  •lowly  heating  up  carbonlent  iron  to  between  600"  and  750°  C,  it 
davalofie  an  cxcrcxlingly  coarve  itructurc;  in  poasing  from  VS""  to  Sfto"  it  nppeurH  tu  chnnga 
yery  little,  the  coamo  Btruciure  reinain*,  but  as  ioon  oa  the  heot  rise*  above  870°,  or  there- 
abouts, it  is  replareil  bv  nne  of  fine  doaree."     Idem,  Vol.  I,  1808,  p.  l(><>. 

)  RinfluM  <!•  r  lien  Behandlung  auf  die  KorngWwM  dei  Kiiienii.     Mrlatlurgie, 

VoL  7.  »oi'».  Pt' 

|TheR(Te<i  ■   -■   •  7>rfcno/oity  VKtfr/^-'-    ^'^  '    '•    f •■    •■«-    m  |, 
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sojourn  in  this  range  of  temperature,  and  (2)  by  their  very  small 
number  of  observations,  only  one  at  647°  and  one  at  703°.  All 
their  others  were  at  temperatures  above  the  alpha  ferrite  range, 
that  is,  above  A2,  and  hence  in  Region  4  or  6. 

Stead  reported  in  one  case  a  grain  growth  to  4,000,000 
times  the  initial  normal  size,  by  a  heating  extending  through 
several  years;  but  it  is  not  very  clear  whether,  during  this  heat- 
ing, the  steel  was  in  the  alpha  or  beta  ferrite  state,  or  in  that  of 
austenite.* 

Charpyt  found  that  the  grain  growth  of  low-carbon  steel  in 
this  range  of  temperature  was  greatly  accelerated  by  previous 
overstrain,  for  instance  by  cold  deformation.  Two  like  pieces 
of  very-low-carbon  and  moderately  phosphoric  steel,  one  wire- 
drawn and  the  other  not,  were  held  in  this  range  of  rapid  growth 
between  650°  and  800°.  After  this  the  grains  of  the  wire-drawn 
piece  were  about  10  times  as  wide  as  those  of  the  other,  implying 
a  difference  in  volume  of  1000  to  i.  Steel  which  when  wire- 
drawn could  be  bent  considerably  without  cracking,  after  later 
heating  at  about  650°  became  so  brittle  that  it  broke  when 
dropped  on  the  ground.  This  is  a  striking  example  under  Ewing 
and  Rosenhain's  law  that  overstrain  hastens  grain-growth. 
(Principle  i,  Paragraph  15,  page  277.)  It  is  to  provide  against 
this  deterioration  that  the  last  paragraph  of  the  "Practice 
Recommended  for  Annealing,"  page  86  of  this  volume,  is  given. 

This  grain  growth  of  ferrite  at  temperatures  below  A2  is  in 
accord  with  Principle  5,  Paragraph  21,  page  289. 

50.  Provisional  Proposition  2.  Behavior  of  Beta  Ferrite. — 
It  is  probable  that  the  grains  of  the  beta  ferrite  of  which  very- 
low-carbon  steel  chiefly  consists  when  in  Region  6  between  A  2 
and  A3,  grow  like  that  of  other  metals,  by  coalescence.  But  this 
growth  is  evidently  very  much  slower  than  that  of  alpha  ferrite 
in  Region  7.  It  is  further  probable  that  when  coarse  grains  of 
alpha  ferrite  of  such  steel  are  heated  up  into  Region  6  and  thus 
become  beta  ferrite,  though  now  pseudomorphous,  they  yet 
persist  for  a  time.  But  they  are  so  unstable  that  they  gradually 
break  up  into  finer  grains  fashioned  after  the  true  beta  structure. 

*  Journal,  Society  of  Chemical  Industry,  Vol.  22,  1903,  p.  343. 

■^  Revue  de  Mctallurgie.  Memoires,  Vol.  7,  1910,  p.  655;   also  Metallurgical  and  Chemical 
Engineering,  Vol.  9,  191 1,  p.  80. 
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It  is  further  probable  that  these  fine  beta  grains,  like  those 
initially  fine,  gradually  grow  by  coalescence. 

The  conditions  may  be  summed  up  in  the  Pro\'isional 
Proposition  2,  as  follows: 

Between  y/o°  and  8q=;°  {A2  and  Aj,  Region  6)  very-low- 
carhon  steel,  consisting  as  it  then  does  almost  solely  of  beta  ferrite, 

(A)  if  initially  fine-grained  coarsens  though  only  very  slowly; 

(B)  if  initially  coarse-grained  refines  slowly,  (C)  to  coarse?;-  again 
on  longer  exposure. 

This  proposition  is  almost  a  re-statement  of  Principle  6, 
Paragraph  22,  page  290,  which  see.  Taking  up  the  evidence, 
whereas  Stead  found  rapid  grain  growth  to  an  enormous  size, 
often  with  extreme  embrittling,  on  long  heating  to  temperatures 
between  650°  and  750°,  that  is,  in  Regions  8A  and  7,  Heyn*  found 
no  such  embrittling  effects  on  heating  his  0.07-per  cent,  carbon 
steel  even  for  14. days  to  temperatures  between  700°  and  890°. 
As  this  embrittling  seems  to  be  closely  connected  with  the 
coarsening,  from  the  fact  that  Heyn's  steel  did  not  embrittle  we 
naturally  infer  that  it  probably  did  not  coarsen.  On  the  other 
hand. he  found  that  low-carbon  steel  which  had  been  embrittled  by 
coarsening  it  when  in  the  austcnite  state,  lost  its  brittleness 
extremely  slowly  "at  temperatures  between  700°  and  850°." 
Even  5  hours  did  not  suffice  for  this;  but  a  heating  of  several 
days  did. 

At  the  first  glance  Heyn's  results  seem  to  disagree  with 
Stead's.  I  have  attempted  to  reconcile  them  by  trying  to 
rectify  and  limit  their  temperature  intervals,  assuming  that 
Stead's  region  of  rapid  coarsening  is  Region  7  between  A  i  and  A2, 
and  that  the  reason  why  Heyn's  steel  did  not  coarsen  as  Stead 's  did 
is  that  Heyn's  temperatures  lay  so  much  of  the  time  in  Region  6 
between  A2  and  A3,  as  to  efface  whatever  coarsening  he  caused 
in  Region  7.  If  we  make  this  very  simple  and  reasonable  assump- 
tion, that  Stead  refers  to  Region  7  and  Hcyn  to  Region  0,  and 
that  their  disagreement  is  due  to  their  failure  to  discriminate 
between  these  two  regions,  the  discord  resolves  itself,  without 
even  having  to  call  on  the  (iifference  brtween  the  special  brittle- 
ness test  of  Heyn  and  the  grain  coarsening  to  which  Stead  chiefly 
addressed  himself 


*  Jmmwl,' Iron  and  stftl  inuiiuir,  Vol.  a,  lyoa,  p.  io8. 
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An  examination  of  Stead's  paper  supports  this  explanation. 
Thus  he  repeatedly  gives  the  upper  limit  of  the  range  of  rapid 
coarsening  as  730°  or  750°,  but  nowhere,  so  far  as  I  find,  at 
any  higher  temperature.*  The  last  passage  quoted  from  him  in 
the  footnote  to  Proposition  i,  Paragraph  49,  page  324,  here  and 
in  general  supports  this  present  proposition,  save  that  he  did  not 
note  the  slow  refining  in  Region  6  between  A2  and  A3,  of  pre- 
viously coarsened  steel  to  which  Heyn's  results  point,  nor  the 
gradual  coarsening  of  initially  fine-grained  steel  in  Region  6,  to 
which  Joisten's  results  point. 

Joisten's  evidence  tends  to  support  this  proposition.  Thus, 
whereas  the  ferrite  grain  of  his  0.07-per  cent,  carbon  steel  grew 
with  great  rapidity , but  most  irregularly , at  600°  and  700°, — that  is, 
at  temperatures  within  the  alpha  ferrite  range,  below  Ai,  Region 
8A, — yet  at  850°,  which  is  within  the  beta  ferrite  range.  Region  6, 
the  growth  was  extremely  slow,  so  that  the  grain  was  but  Httle 
larger  after  a  10-  or  20-hour  sojourn  at  850°  than  after  a  5- 
hourt  one.  The  apparently  more  rapid  growth  per  hour  during 
the  short  than  during  the  longer  exposures  to  850°  is  readily 
explained  by  the  rapid  growth  which  would  occur  in  each  case 
during  the  passage  up  through  Region  7  between  Ai  and  A2, 
in  order  to  reach  850°.  In  other  words,  whether  the  sojourn  at 
850°  was  short  or  long,  a  rapid  growth  would  occur  in  reaching 
850°,  followed  by  an  extremely  slow  one  at  850°;  and  the 
inevitable  effect  of  this  would  be  to  give  the  impression  of  a  pro- 
gressive slackening  of  the  growth  at  850°  unless  the  rapid  growth 
in  reaching  850°  was  recognized. 

The  contrast  between  the  persistence  of  the  previous  alpha 
grains  on  heating  up  past  A2  into  Region  6,  and  the  shattering 
of  the  grains  existing  in  Region  6  on  heating  past  Ac3  into 
Region  4,  is  shown  by  these  words  of  Osmond  and  Cartaud, 
based  on  their  examination  of  isolated  crystals:  "a  crystal  of 
alpha  iron  heated  in  the  range  of  beta  iron,  and  cooled  to  the 
ordinary  temperature,  becomes  again  the  same  crystal  of  alpha 
iron — the  system  persists  beyond  transformation  A2. 

"This  is  not  the  case  with  the  passage  of  the  point  A3, 


*  Journal,  Iron  and  Steel  Inslitule,  Vol.  i,  1898,  pp.  158,  IS9.  160.  161.  and  166. 
t  Or  perhaps  2.5  hours.     There  is  an  apparent  contradiction  in  the  original.     Melallur- 
gie.  Vol,  7,  1910,  p.  457. 
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provided  it  has  been  sufficiently  exceeded,  and  for  a  sufficiently 
long  time.  It  is  quite  possible,  if  the  heating  and  the  cooling 
down  are  both  done  rapidly,  to  heat  a  crystal  of  alpha  iron  up 
to  900°  without  destroying  it;  but  if  it  is  maintained  at  this 
temperature,  the  crystal  resolves  itself  into  Utile  grains,  with 
the  formation  of  elongated  lamellae,  which  appear  to  be  twin 
crystals."* 

The  results  of  Osmond  and  Cartaud,  and  those  of  Stead  and 
HejTi,  as  I  here  interpret  them,  certainly  show  that  if  there 
is  any  coarsening  of  initially  fine-grained  beta  ferrite  in  Region  6 
between  A2  and  A3,  it  is  very  slow.  Hejn's  loss  of  brittleness 
on  very  prolonged  heating  here  goes  to  show  that  initial  coarse- 
ness is  here  lost  slowly,  and  Joisten's  results  indicate  that  an 
initially  fine  grain  here  coarsens  slowly.  If  this  is  true  it  is  hard 
to  resist  the  inference  that  a  fine  grain  caused  by  the  breaking 
up  of  a  coarse  one  inherited  from  the  previous  alpha  state,  also 
would  coarsen  slowly.  Thus,  while  the  evidence  makes  it  clear 
that  whatever  coarsening  occurs  here  is  very  slow,  and  that 
there  is  no  rapid  break  up  here  of  previous  coarse  grain  as  there 
is  on  heating  up  past  Ac3  into  Region  4,  yet  both  the  slow 
coarsening  which  I  have  postulated  under  A  and  C,  and  the 
refining  under  B,  are  based  rather  on  inference  than  on  direct 
evidence.  Hence  the  proposition  in  its  present  form  is  only 
tentative. 

51.  Proposition  j.  The  grain  refining  of  very-low-carbon 
sleel  and  carbanless  metallic  iron  occurs  quickly  at  Acj. — This  is 
practically  a  re-statement  of  Principle  8,  Paragraph  25,  page  294. 

Evidence  Supporting  this  Proposition  —  It  is  certain  that  this 
grain  refining  takes  place  abrui)tly  at  a  certain  high  temperature, 
and  that  this  temperature  is  in  the  neighborhood  of  Ac3,  allow- 
ance being  made  for  lag.  It  is  true  that  the  e.xact  identity  of 
Ac3  and  the  grain-refining  temperature  of  such  metal  has  not 
been  demonstrated  rigorously.  But  the  identity  is  so  probable 
antecedently,  and  is  so  fully  in  accord  with  the  evidence,  that 
it  may  rea.sonably  be  adopted  as  a  working  hypothesis. 

The  normal  or  equilibrium  temperature  of  Ac3  for  carbonless 
metallic  iron  is  probably  very  near  895°.    By  the  equilibrium 

*  OnMUd  and  C«rUud,  Journal,  Iron  and  Slitl  Inttitutt.  Vol.  j,  tvo6,  p.  451 . 
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temperature  I  mean  that  at  which  the  underlying  change  from 
beta  to  gamma  iron  is  due  to  occur,  and  would  occur  were  there 
no  lag.  In  the  slow  rise  of  temperature  of  heat-treatment  oi>er- 
ations,  both  industrial  and  laboratory,  the  lag  is  less,  and  the 
change  therefore  occurs  closer  to  the  e<!Juilibrium  temperature, 
than  in  the  relatively  rapid  heatings.  Therefore  we  are  here 
concerned  with  the  equilibrium  temperature  of  A3  as  inferred 
from  the  data  at  hand  taken  as  a  whole,  rather  than  with  the 
temperature  of  Ac3  as  observed  directly  by  means  of  heating 
curves.  My  reasons  for  taking  the  equilibrium  temperature 
of  A3  provisionally  at  895°  will  be  given  elsewhere,  because  they 
lie  beyond  the  natural  scope  of  this  paper. 

That  the  grain-refining  temperature  rises  as  the  carbon 
content  falls  is  so  familiar  that  it  may  here  be  assumed. 

That  this  temperature  for  very-low-carbon  steel  is  close  to 
895°,  and  hence  that  for  pure  carbonless  iron  it  is  close  to  or  a 
very  little  above  895°,  is  shown  by  abundant  tests  of  Stead's,* 
and  less  positively  by  those  of  Heyn.f  The  fact  that  Fay  and 
Badlam's  steel  refined  between  850°  and  890°  is  in  full  accord 
with  this,  because  both  the  0.07  per  cent,  of  carbon  and  the 
0.32  per  cent,  of  manganese  in  their  steel  would  lower  the 
equilibrium  temperature  of  A3.  J 

For  instance.  Stead  found  that  the  extreme  coarse  grain 
induced  in  steel  of  0.035  per  cent,  of  carbon  by  a  48-hour 
annealing  was  completely  removed  by  heating  for  one  minute 
to  900°.  Very  many  other  observations  of  his  showed  this 
grain  refining  at  900°,  and  Heyn  found  that  about  half  an  hour 
at  900°  sufficed  to  break  up  coarse  grain. 

It  is  true  that  such  assertions  as  that  there  is  a  "breaking  up 
or  refining  of  the  structure  between  850°  and  950°"  are  occasion- 
ally found,  and  that  on  their  face  they  suggest  that  this  grain 
refining  may  occur  below  AC3.  In  particular  Stead  gives  the 
grain-refining  temperature  at  "870°  or  thereabouts."! 

But,  first,  an  assertion  that  this  refining  occurs  somewhere 
"between  850°  and  950°"  does  not  imply  that  it  can  occur 

*  Journal,   Iron   and   Steel  Inslitule,   Vol.  2,  1898,  pp.  147.    IS2.     Idem,   Vol.    i,    1898, 
pp.  173.  181,  183,  183. 

t  Idem,  Vol.  2,  1902,  pp.  91,  108. 

t  Technology  Quarterly,  Vol.  13,  1900,  pp.  307,  311. 

§  Journal,  Iron  and  Steel  Institute,  Vol.  i,  1898,  p.  x66. 
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NOTE  TO  FIG.  5. 

Dr.  G.  K.  Burgess,  of  the  United  States  Bureau  of  Standards,  Washington. 
Thermal  determinations  on  the  author's  steels.  The  upper  end  of  each  solid 
line  represents  the  end  of  Ac3,  the  lower  end  represents  the  beginning  of  Ar3, 
except  that  the  lower  end  of  the  0.92-per  cent,  carbon  solid  line  lepresents 
the  maximum  and  end  of  Aci.     Ar3  for  this  steel  was  not  detected. 

Carpenter  and  Keeling  (Journal,  Iron  and  Steel  Institute,  Vol.  i,  1904, 
p.  232).  Temperature  of  separation  of  massive  cementite,  Ar.m.c,  and 
of  Ac3,  determined  thermally. 

Gutowsky  (Metallurgie,  Vol.  6,  1909,  p-  739).  The  total  carbon  taken 
into  combination  by  pure  iron,  at  various  temperatures,  or  retained  in  combina- 
tion by  pure  iron,  at  various  temperatures,  or  retained  in  combination  there 
by  pure  iron  initially  richer  in  carbon;  hence  apparently  the  equilibrium 
content. 

Jung  {Internationale  Zeitsckrift  Metallographie,  Vol.  i,  191 1,  p  214). 
Temperatures  of  completion  of  re-absorption  and  beginning  of  generation  of 
cementite,  on  heating  and  cooling  respectively,  determined  microscopically. 

Miiller  {Metallurgie,  Vol.  6,  1909,  p.  158).  Ac3  of  iron,  determined 
thermally  in  29  specimens  of  electrolytic  iron. 

Roberts-Austen  {Fifth  Report  to  Alloys  Research  Committee,  1899,  Plate  3). 
Ar3  determined  thermally. 

Osmond  {Transformations  du  Fer  et  du  Carbone,  1888,  pp.  27,  76, 
and  81).  Ac3  and  Ar3  determined  thermally.  Osmond  thought  that  the 
Ar3  retardation  of  the  1.25-per  cent,  carbon  steel  shown  on  this  diagram 
was  accidental,  but  as  it  occurs  at  the  same  temperature  in  the  records  of 
both  of  his  coolings  of  this  steel  and  agrees  so  very  closely  with  the  most 
trustworthy  later  determinations  of  the  line  sE  in  cooling,  we  may  assume  that 
"the  dice  were  reidly  loaded."  Because  of  the  then  wrong  datum  points  I 
follow  him  in  adding  35°  to  his  determinations  at  about  850°  {Journal,  Iron 
and  Steel  Institute,  Vol.  3,  1906,  p.  451). 

Campbell  {KK')  {Proceedings,  Vol.  IX,  1909.  p  370).  Range  in  which 
re-absorption  of  ferrite  network  becomes  complete  in  heating  up,  determined 
microscopically. 

The  Author,  Campbell,  and  Koken  {LL')  {Proceedings,  Vol.  VIII,  1908, 
p  185).     Range  corresponding  to  that  described  under  Campbell  {KK'), 

The  Author.  Range  corresponding  to  that  described  under  Campbell 
{KK').  A  series  of  specimens  of  each  steel,  after  coarsening,  was  heated 
to  a  series  of  temperatures  in  about  this  range,  quenched  in  water,  and 
examined  microscopically.  The  lower  end  of  each  dotted  line  represents 
the  highest  temperature  after  heating  to  which  the  steel  still  contained  visible 
imabsorbed  free  ferrite  or  cementite.  The  upper  end  represents  the  lowest 
temperature  after  heating  to  which  the  steel  lacked  visible  free  ferrite  or 
cementite. 
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everywhere  within  those  limits;  second,  such  assertions  may  well 
have  been  meant  to  include  steel  with  enough  carbon  and  man- 
ganese to  lower  the  position  of  A3  materially,  though  that  just 
quoted  from  Stead  refers  immediately  to  carbonless  iron;  third, 
the  older  determinations  of  such  high  temperatures  were  sub- 
ject to  a  considerable  error,  because  of  wrong  datura  points, 
and,  except  in  the  most  skilful  hands,  from  the  neglect  of  certain 
precautions  in  detail;  and  fourth,  there  is  probably  a  slow  break- 
ing up  of  previous  coarse  grain  in  Region  6,  below  Ac3,  though 
this  is  in  striking  contrast  with  the  rapid  breaking  up  or  refining 
at  895°.  In  interpreting  such  quotations  as  I  have  just  made, 
we  may  well  note  how  their  vagueness  contrasts  with  Stead's 
more  precise  words:  "When  pure  iron,  made  granular  by  long 
heating  at  a  dull  red  heat,  is  heated  between  750°  and  870°,  as 
a  rule  the  structure  is  not  altered  to  any  material  extent,  but  as 
soon  as  the  temperature  rises  to  about  900°,  the  granules  again 
become  small."* 

The  words  quoted  from  Osmond  and  Cartaud  under  Propo- 
sition 2  show  that,  rapid  as  the  shattering  of  the  grains  is  on 
rising  past  Ac3,  it  is  not  instantaneous. 

52.  Proposition  4.  The  grain  refining  of  higher-carbon 
steel  occurs  at  Acj;  but  it  takes  an  appreciable  and  sometimes  a 
very  considerable  length  of  time,  unless  the  carbon  content  is  very 
near  to  the  pearlite  or  eutectoid  ratio  of  o.go  per  cent. 

This  proposition  is  in  accordance  with,  and  indeed  a  neces- 
sary consequence  of  Principle  19,  Paragraph  42,  page  313. 

That  the  temperature  needed  to  complete  this  re-absorp- 
tion of  ferrite  is  near  AC3,  is  indicated  by  my  own  unpublished 
experiments.  I  coarsened  a  series  of  steels  of  varying  carbon 
content,  by  overheating  them  to  1350°  for  one  hour.  On  reheating 
a  series  of  specimens  of  each  steel  so  coarsened  to  various  tem- 
peratures for  one  hour,  then  quenching,  and  then  seeking  for 
traces  of  residual  unabsorbed  coarse  network,  I  found  that  the 
grain-relining  temperature,  as  indicate^  by  the  disappearance 
of  the  ferrite  or  cementite  network,  agreed  fairly  with  the  pre- 
liminary determinations  of  the  end  of  Ac3  in  these  sarrie  steels 
by  Dr.  C.  K.  Burgess  of  the  United  States  Bureau  of  Standards. 
This  agreement  is  shown  in  Fig.  5  and  Table  I. 

*  Journal,  Iron  and  Steel  Institute,  Vol.  i,  1898,  p.  183. 
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In  the  hypo-eutectoid  steels  the  ferrite  network  disappeared 
slightly  below  the  end  of  AC3  as  determined  thermally,  and  in 
the  hx-per-eutectoid  steels  the  cementite  network  disappeared  at  a 
temperature  considerably  below  the  thermal  end  of  Ac3,  if  I 
may  use  this  term  provisionally  to  apply  to  the  line  SE,  Fig.  2 
(sE,  Fig.  5),  which  is  to  free  cementite  what  GOS  (Fig.  2)  or 
Ac3  is  to  free  ferrite.*  This  agreement  is  not  such  as  to  demon- 
strate the  identity  of  the  end  of  Ac3  and  the  grain-refining  tem- 
perature, but  it  is  in  accord  with  the  belief  in  that  identity.  It 
is  but  natural  that  the  microscopic  results  should  be  lower  than 
the  thermal  ones,  first  because  my  very  long  sojourns  at  these 
temperatures  should  ha\e  greatly  lessened  the  lag;  and  second, 
because  the  ferrite  or  cementite  might  cease  to  be  recognizable 
under  the  microscope  at  a  time  when  the  re-absorption  was  still 
going  on  at  a  rate  which  would  retard  the  rise  of  temperature 
measurably. 

Table  II. — Industrial  Annealing  Temperatures  for  the  Re-Absorption 
OF  THE  Coarse  Ferrite  Network  (Grain-refining).! 

Range  of  Carbon  Content.  Range  of  Annealing  Temperature. 

Less  than  o.  12  per  cent.  875  to  925°  C.  (1607-1697°  F.) 

0.12  to  0.29   "       "  840  "  870    "    (1544-1598    ") 

0.30  "  0.49   "       "  815  "'840     "    (1499-1544    ") 

0.50  "   i.o<)    •■  790  "  815     "    (1454-1499    ") 

This  proposition  is  further  supported  by  the  experience  in 
industrial  grain  rclinings,  in  which  (i)  the  temperatures  actually 
found  necessary  as  indicated  in  Table  II  correspond  appro.xi- 
mately  to  the  probable  equilibrium  temperatures  of  A3;  and 
(2)  the  length  of  time  needed  is  so  much  more  than  can  be 
explained  by  the  mere  lag  of  the  heating  of  the  interior  of  the 
objects  as  to  indicate  that  the  grain  refining  proper  takes  **an 
appreciable  and  often  a  very  considerable  time." 

That  the  grain  refining  of  hyper-eutectoid  steels  takes 
place  on  reaching  Ac3  js  further  indicated  by  the  experiments 
of  M.  Osmond,  by  those  of  F.  (ioransson  made  under  my  diroc- 
lions,  and  by  those  of  Jung.     On  heating  a  steel  of  1.57  per  cent. 

•  Thr  linra  lU)    ^  .  .         L  jgcther  iTtAy  be  cftU«d  the  liquidoid  anil  /'.S7"  the  tolidoid. 
t  I  ' «  KecomiiMfMiad  (or  Annealing  MitcoUaneoua  Kotlo<l  and  PorRcd  Carbon- 

tmmmk  o  1  valunM.  p.  S6. 
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carbon  to  1000°  and  quenching  it,  M.  Osmond*  found  that  the 
initial  cementite,  which  we  may  take  with  some  confidence  to 
be  the  equivalent  for  our  present  purpose  of  the  cell-wall  cemen- 
tite, had  not  been  fully  re-absorbed  during  the  heating;  but 
when  the  heating  and  quenching  temperature  was  raised  to 
1050°,  that  is,  nearly  to  the  line  Ac3,  only  traces  of  that  cementite 
remained  unabsorbed. 

Goranssont  found  that  a  1.20-per  cent,  carbon  steel, 
coarsened  by  over-heating  to  above  1270°,  lost  its  coarse  grain 
and  simultaneously  had  its  cementite  completely  re-absorbed 
on  reheating  to  887°,  which  is  close  to  this  line. 

Jung  J  found,  by  microscopic  examination  of  steel  of  1.33 
per  cent,  carbon  quenched  from  divers  temperatures  in  and 
near  the  transformation  range,  that  the  absorption  of  the  free 
cementite  in  heating  up  became  complete  between  925°  and 
975°,  and  that  its  generation  in  cooling  began  between  975° 
and  950°. 

He  further  found  that  the  re-absorption  of  free  cementite 
** takes  an  appreciable  time."  On  holding  this  same  steel  at 
975°  for  varying  lengths  of  time,  he  found  that  between  3  and 
4^  minutes  were  needed  to  complete  the  re-absorption  of  its 
cementite  to  such  a  degree  that  it  ceased  to  be  visible  under  the 
microscope. 

So  too,  Campbell,  Koken,  and  I  found  that  a  de-ingotized 
steel  casting  of  0.43  per  cent,  carbon,  and  a  rolled  steel  of  0.38 
per  cent,  carbon,  after  coarsening  by  heating  to  1377°,  had  their 
coarse  ferrite  network  effaced  by  heating  to  840°,  but  not  by 
heating  to  8o4°§,  and  Professor  William  Campbell  found  that 
even  an  un-  de-ingotized  casting  of  0.35  per  cent,  carbon,  if  free 
from  a  network  of  manganese  sulphide  and  its  equivalents,  lost 
its  coarse  ferrite  cell-walls  on  heating  to  855°  but  not  fully  on 
heating  to  830°.!!  In  all  these  cases  heating  to  temperatures 
apparently  above  Ac3  removes  the  coarse  ferrite  network, 
though  heating  to  below  that  point  does  not. 

♦Osmond  and  Stead,  Microscopic  Analysis  of  Metals,  London,  1904,  p.  150;  Etude  des 
AUiages,  Paris,  1901,  p.  318. 

t  Transactions,  American  Institute  of  Mining  Engineers,  Vol.  33,  1903,  p.  113;  The  Metal- 
ographisl.  Vol.  s,  1902,  p.  223. 

tinternationale  Zeitschriftftir  Metallographie,  Vol.  i,  1911,  pp.  214,  215. 

§  Proceedings,  Vol.  VIIT,  1908,  pp.  185-189. 

li  Idem,  Vol.  IX,  1909.  pp.  370-377- 
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In  the  case  of  un-  de-ingotized  steel  castings,  that  is,  those 
which  retain  the  initial  network  structure  formed  during  solidifi- 
cation, Professor  Campbell  showed  that  if  manganese  sulphide  or 
its  equivalent  is  present  in  the  form  of  a  coarse  network,  the  tem- 
perature must  be  raised  much  higher  in  order  to  break  up  that 
network  before  the  coarse  ferrite  network  can  be  permanently 
removed.* 

It  is  true  that  Brinellt  says,  in  his  second  law,  "very  coarse 
crystalline  steel,  hardened  or  unhardened,  loses  its  texture 
(fracture)  completely,  as  soon  as  the  heating  is  pushed  fully 
to  the  point  which  suffices  for  the  change  of  the  carbon  from 
cement  to  hardening."  To  explain,  the  change  from  cement 
to  hardening  carbon  is  one  feature  of  the  change  from  pearlite 
to  austenite,  which,  in  such  steel  as  he  then  wrote  of,  occurs 
wholly  at  Ac  I. 

Here  he  contradicts  the  present  proposition.  But  I  find 
that  he  is  in  error;  for,  however  marked  the  fracture-change 
is  which  occurs  at  Aci ,  it  is  not  till  Ac3  is  passed  that  the  refining 
proper  becomes  cemplete,  that  is,  the  change  from  a  coarse  to  a 
fine  fracture.   My  procedure  is  described  in  Appendix  II, page  382. 

We  know  positively  that  the  temperature  at  which  the 
carbon  condition  changes  from  cement  to  hardening  in  hypo- 
eutcctoid  steel  is  A  i ,  and  that  this  temperature  is  nearly  constant, 
and  hence  independent  of  the  carbon  content.  Further,  it  has 
been  universally  recognized  from  the  days  of  TschernofTj  that 
the  grain-refining  temperature  rises  rapidly  as  the  carbon  con- 
tent falls,  as  shown  by  the  Une  GOS  jn  Fig.  2.  Neither  of  these 
things  is  open  to  question.  Indeed  they  form  part  of  our  every- 
day industrial  pHnesses.  The  former  temperature,  because 
,  it  is  nearly  constant,  cannot  be  identical,  as  Brinell  implies, 
with  the  latter  which  varies  widely.  That  Brinell's  extra- 
ordinary powers  of  observation  should  have  been  deceived  in 
this  single  detail  still  leaves  his  classical  work  a  wonderful 
example  of  what  a  trained  mind  and  eye  can  do,  even  under  the 

•  ProcMdimu.  Vol.  IX.  looo.  pp.  370-377. 
'^s,  p.  6jo. 
'f  of  Sit f I.  tranaUtion  by  W.  Andenion,  1880,  pp.  6,  7.    In 

pft*; -.   .  -  '■■•  ■•  '••  '■■—    ■■•> ''—I  thiMie  two  poinu,  the  uruin  refuting 

iwnparMura  at  ninK  tx>wor  in  iu'i|uirc(|,  draw  apart, 

UU  In  ttM  lowc   '  iiiiro  "corTe!ip<»ti<l(i  to  white  heat." 


Howe  on  Structure  of  Steel.  337 

conditions  of  those  pioneer  days  long  before  the  coming  of  our 
present  instruments  of  precision. 

53.  Proposition  5.  The  coarsening  caused  by  long  or  high 
heating  in  Region  4.  Though  holding  at  Ac j  for  an  appropriate 
length  of  time  breaks  up  pre-existing  coarse  grain  and  coarse 
network^  yet  a  prolonged  sojourn  at  any  higher  temperature  leads 
to  a  re-coarsening  of  theferrite  grains  and  of  the  network  structure, 
a  re-coarsening  which  increases  with  the  length  of  sojourn  and  with 
the  temperature.  This  re-coarsening  of  the  network  represents 
the  coarsening  of  the  austenite  grains.  The  re-coarsening  of 
the  ferrite  grains  I  refer  to  the  perfecting  of  the  austenite 
crystalline  structure,  which  enables  it  to  mass  the  ferrite  locally 
the  more  thoroughly,  in  cooling  through  the  transformation 
range. 

As  pointed  out  in  the  third  paragraph  of  Principle  5,  Para- 
graph 21,  page  289,  this  coarsening  is  extremely  slow  in  the  case 
of  ultra-low-carbon  steel,     (Paragraph  58,  page  348.) 

This  proposition  is  in  harmony  with  Principles  4,  5,  8,  9, 
10,  and  II,  Paragraphs  20,  21,  25,  26,  28,  and  33,  pages  287, 
289,  294,  295,  297,  and  305,  and  could  indeed  be  deduced  from 
them. 

It  is  in  accordance  with  Principles  4  and  5,  Paragraphs 
20  and  21,  pages  287,  289,  that  the  austenite  grains  should 
coarsen  progressively  through  coalescence  while  in  Region  4, 
and  that  this  coarsening  should  increase  both  with  the  length 
of  sojourn  and  with  the  mobiUty  of  the  metal,  that  is,  with  the 
temperature. 

It  is  in  accord  with  Principles  8,  9,  and  11,  Paragraphs  25, 
26  and  33,  pages  294,  295,  and  305,  that  this  grain  coarseness 
of  the  austenite  should  be  followed  by  coarseness  of  the  ferrite 
grains  of  ultra-low-carbon  steel  when  that  austenite  changes 
into  ferrite  in  cooling. 

It  is  in  accordance  with  Principle  10,  Paragraph  28,  page 
297,  that  high  and  long  heating,  by  perfecting  the  crystalline 
organization  of  the  austenite,  enables  it  the  more  thoroughly 
to  expel  into  the  joints  between  its  grains,  and  into  its  cleavages 
the  ferrite  which  it  generates  in  cooling  through  the  transforma- 
tion range,  thereby  massing  the  ferrite  there,  and  thereby  in 
fine  leading  to  the  formation  there  of  larger  accumulations  of 
22 
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coagulated  ferrite,  which  later  break  up  into  correspondingly 
larger  f err  ite  grains. 

It  is  in  accordance  with  Principle  9,  Paragraph  26,  page  295, 
that  in  the  case  both  of  h}po-eutectoid  steels  with  any  consider- 
able carbon  content,  and  of  h}'per-eutectoid  ones,  the  coarse 
grains  of  austenite  formed  by  coalescence  in  a  long  sojourn  in 
Region  4  above  the  transformation  range  should  give  rise  to 
coarse  network  structure  in  cooling  through  that  range  by  expelling 
into  the  joints  between  themselves,  or  into  their  cleavages, 
the  ferrite  or  cementite  which  they  generate  in  cooling  through 
that  range. 

54.  Experimental  Evidence. — A  steel  containitig  at  least  a 
moderate  quantity  of  carbon,  as  distinguished  from  nearly  carbon- 
less steel.  Though  the  g«neral  law  Jias  long  been  recognized, 
that  so-called  grain  size  increases  with  the  temperature  reached 
and  with  the  length  of  exposure,  yet  in  general  the  older  writings 
leave  us  in  doubt  as  to  whether  this  grain  size  refers  to  the  size 
of  the  grains  of  ferrite  or  the  size  of  the  walled  cells.  Osmond's 
micrographs  show  that  the  ferrite  grain  size  of  steel  of  0.14  per 
cent,  carbon,  heated  and  cooled  slowly,  increases  with  the  tem- 
perature reached,  to  750°,  1015°,  and  1330°.* 

Fay  and  Badlam,  besides  recording  the  grain  refining  of  their 
0.07-per  cent,  carbon  steel,  which  occurred  between  850°  and 
889°,  recorded  a  ferrite  grain  growth,  slow  up  to  1125°  and  then 
faster  with  further  rise  of  temperature  up  to  1 247. f 

R.  G.  Morse,!  working  under  my  directions,  found  that  the 
grains  of  ferrite  in  slowly  cooled  steel  of  0.343  per  cent,  carbon 
increased  in  size  both  with  the  temperature  to  which  the  steel 
had  been  heated  in  Region  4,  above  the  transformation  range, 
and  with  the  length  of  exposure  to  those  temperatures. 

55.  Turning  now  to  network  size  (size  of  the  walled  cells) 
an  examination  of  some  of  the  older  micrographs  shows  that  it, 
as  distinguished  from  ferrite  grain  size,  is  increased  by  high 
heating.  This  is  shown  directly  by  M.  Osmond's  and  by  Pro- 
fessor   William    Campbell's   micrographs,    and    indirectly    by 

*  BmlUUm  SotM  fBrnetmragrmenl,  iSos.  pp.  a6  and  »?,  Ami  Piffa.  t<!7.  T50  nmi  160  of 
Mprtati  CatUrihiitiam  <  VBiud*  dtt  AUiagn,  Fiks.  17.  18,  and  iv,  and  p.  30s:  and  MicroHopic 
Amalytii  of  kittalt.  i>ii.  117-124. 

"ty.  Vol.  ij.  1000,  j)i>.  jii,3ii. 
•nrrUam  tniiiluU  «J  idinint  lintinttri,  Vol.  ag,  i8q9<  PP-  7Jt,  745. 
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Professor  Sauveur's.  Thus,  after  heating  and  slow  cooling, 
the  network  of  M.  Osmond's  steel*  of  0.45  per  cent,  carbon  was 
very  much  coarser  when  the  temperature  to  which  the  heating 
was  carried  was  1390°  than  when  it  was  1015°  and  also  much 
coarser  when  it  was  1015°  than  when  it  was  750°.  So,  too,  the 
network  of  Campbell's  steel  of  i. 61 -per  cent,  carbon  was  much 
coarser  after  slow  cooling  from  1200°  than  when  cooled  slowly 
from  1070°.! 

Here  Osmond's  earlier  results,!  shown  graphically  in  Fig.  5^, 
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Fig.  5a. — Increase  of  Network  Size  (?)  with  Temperature 
Reached.     (Osmond,  1888.) 
Note. — Heated  (in  Leclerq  and  Forquignon  Furnace)  in  25  to  30  minutes 
to  peak  temperature,  then  at  once  cooled  in  furnace. 


are  of  the  first  moment.  In  a  series  of  specimens  cut  from  each 
of  three  steels  of  0.14,  0.45,  and  1.24  per  cent,  carbon  respec- 
tively, heated  to  a  series  of  high  temperatures  and  cooled  slowly, 
the  network  size  (?)  increased  continuously  with  the  temperature 
reached,  from  a  temperature  which  he  takes  to  be  about  Ac 2, 
and  this  increase  accelerated  at  two  points,  one  slightly  above 

*  Bulletin  SociHi  d' Encouragement,  May,  1895,  p.  28  and  Figs.  179  and  190  of  reprint;  Con- 
tribution  i  I'Etude  des  Alliages,  Figs.  27  and  28,  and  p.  308;  and  MLroscopic  Analysis  of  Metals, 
p?.  127-8. 

t  Proceedings,  Vol.  VI,  1906,  Figs.  43,  44,  47,  48,  Plate  XIII,  following  p.  238. 

X  Etudes  Metallurgiques,  Dunod.  Paris,  1888,  from  Annates  des  Mines,  July-August,  1888. 
^t  vas  not  till  this  present  paper  was  in  type  that  I  found  these  important  data  in  this  work 
of  M.  Osmond's,  which  is  too  little  known. 
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Ac3  and  the  other  between  1115°  and  1230°,  that  is,  in  the 
neighborhood  of  Ball's  point.  Between  1330°  and  1390°  but 
Kttle  further  growth  occurred.  Though  he  tried  varying  the 
length  of  exposure,  he  does  not  report  the  effect;  but  we  may 
guess  it  from  his  giving  as  his  opinion  that  grain  growth  (he 
calls  it  "transformation")  occurs  during  heating  up,  cooling 
down,  and  holding  at  high  temperatures,  and  that  it  is  a  function 
of  the  maximum  temperature  reached  and  probably  of  the  length 
of  exposure  to  it  (page  78  of  reprint). 

As  he  gives  no  photographs  we. cannot  be  confident  that 
the  growth  which  he  refers  to  is  strictly  that  of  a  network  system 
similar  to  what  is  discussed  in  this  paper,  though  his  language 
certainly  suggests  this.  But  in  view  of  the  fact  that  his  speci- 
mens were  cooled  in  the  furnace  it  is  surprising  that  a  network 
such  as  my  specimens  show,  or  one  which  would  correspond  to 
his  description,  should  have  persisted. 

Professor  Sauveur's  micrographs  of  rail  structure  show  that 
in  the  section  of  a  given  rail,  the  network  is  the  coarser  the  higher 
the  temjjerature  at  which  the  rolling  is  finished.*  This  is  in 
harmony  with  this  present  law,  as  is  seen  on  the  least  reflection. 
When  a  piece  like  a  rail,  which  is  highly  heated,  is  rolled  with 
such  heavy  reduction  as  to  distort  or  inequiaxe  the  austenite 
grains  greatly,  the  distorted  and  hence  unstable  grains  immedi- 
ately shatter,  and  their  remains  immediately  begin  growing 
again  by  coalescence.  This  is  repeated  as  often  as  the  piece 
is  greatly  reduced  by  the  rolling.  Each  of  the  grains  of  austenite 
formed  by  coalescence  after  the  last  of  these  reductions,  in  cooling 
through  the  transformation  range,  gives  birth  to  a  walled  cell 
by  ejecting  to  its  outside  the  ferrite  which  it  generates.  Hence 
it  is  the  size  which  those  austenite  grains  reach  after  this  last 
effective  reduction  that  determines  the  network  size  of  the  cold 
steel,  and  the  only  opportunity  which  they  have  to  grow  by 
coalescence  is  in  cooling  from  that  last  effective  reduction  down 
into  the  tran.sformation  range. 

Finishing  Temperature.  Hence  as  regards  the  opjKirt unity 
for  network  growth,  the  finishing  temperature  of  rolled  and 
forged  objects  is  the  equivalent  of  the  [)eak  or  highest  temi)era- 


I.  AmmUmm  ItuUtmU  «f  iiimint  Bttiitmrt,  VoL  aa,  iSMi  PP*  546-557.  and 
riMMlVMdV. 
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Fig.  6.— Increase  of  Network  or  Walled-Cell  Size  with  Length 
and  Height  of  Heating.    Hypo-Eutectoid  Steel. 

Note. — The  low-manganese  steel  contained  0.398  carbon  and  0.161 
manganese;  the  high-manganese  steel,  0.458  carbon  and  1.2 15  manganese; 
and  the  0.03-per  cent,  carbon  steel,  0.029  carbon  and  0.259  manganese. 
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ture  reached  by  objects  not  later  rolled  or  forged.  And  the 
fact  that  the  network  size  of  the  former  increases  with  the 
effective*  finishing  temperature  tends  to  support  the  law  that 
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Pig.  7. — Increase  of  Network  or  Walled-Ccll  vSize  with  Length 
and  Height  of  Heating.     Hyper-Eutectoid  Steel. 

N«)TB. — The  steel  containc<l  1. 143  carbon  and  0.239  manganese. 

the  network  size  of  the  latter  increases  with  the  temperature 
reached. 


*  I  My  dbctiv*  Anifhinc  tompanUura.  bMMtM  the  opportunity  for  auKtenite  Rrain  Rrowtli 
tbroucb  It  (or  Mtwork  Rrowth.  cliwrlr  <Utcf  from  tbo  laat  reduction  important  enouKh  to 
Um  yt*  ■llrtim  auatmit*  grsiiu  by  Mtting  up  a  degrw  of  inoquiaxing  ■ufHcicnt  to 
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56.  New  Results. — Finding  the  support  of  this  proposition 
so  fragmentary  and  indirect  as  regards  the  influence  of  time  on 
network  size,  I  undertook  the  experiments  which  led  me  to  write 
this  paper.  The  results  show  that  the  network  size,  like  the  grain 
size,  increases  with  the  temperature  reached,  between  the  limits 
of  900°  and  1300°,  and,  at  least  in  the  case  of  hyper-eutectoid 
steel,  with  the  length  of  exposure  to  those  temperatures.  The 
experimental  work  is  described  in  an  appendix,  and  the  progres- 
sive growth  is  readily  seen  by  means  of  Figs.  6  and  7,  Table  III, 
and  the  micrographs  of  Plates  II,  III,  and  IV. 

In  Figs.  6  and  7,  though  every  rise  of  temperature  from 
900°  upwards  hastens  the  network  coarsening,  this  acceleration  is 
the  greater  the  higher  the  temperature.  Thus  in  general  there 
is  a  sharp  upward  break  at  1100°.  In  the  case  of  the  hyper- 
eutectoid  (1.14-per  cent,  carbon)  steel,  heated  for  6  hours,  this 
break  occurs  at  1000°. 

There  are  suggestions  to  the  effect  that  the  rate  of  growth 
accelerates  with  the  size  of  the  network,  that  is,  of  the  austenite 
grains,  somewhat  as  the  growth  of  a  rolling  snowball  accelerates, 
with  the  further  suggestion  that  the  rate  of  growth  increases 
rather  with  the  mass  of  the  coalescing  grains  than  with  the 
extent  of  surface  exposure  between  grains.  The  fact  that  the 
upward  break  in  the  6-hour  curve  of  the  1.14-per  cent,  carbon 
steel  occurs  at  1000°,  whereas  in  the  lo-minute  heating  it  occurs 
at  1100°,  is  one  of  these  suggestions;  and  another  is  that  the 
effect  of  a  first  five-fold  lengthening  of  the  exposure  of  this  steel, 
from  10  minutes  to  i  hour,  is  much  less  than  that  of  a  second 
five-fold  increase,  from  i  to  6  hours.  But  no  such  relation  exists 
among  the  curves  of  the  hypo-eutectoid  steels.* 

Professor  Sauveur  has  kindly  verified  these  present  results 
in  part,  by  measuring  independently  the  network  size  of  two  of 

*  That  there  should  be  great  irregularities  in  network  size  is  not  strange  in  view  of  the  great 
irregularities  in  ferrite  grain  size  which  are  reported.  Thus  Stead  found  that  the  diameter 
of  the  "granules"  or  ferrite  grains  in  one-half  of  one  and  the  same  sample,  apparently  after 
identical  treatment,  was  more  than  eight  times  as  large  as  in  the  other  half.  {Journal,  Iron 
and  Steel  Institute,  Vol.  i,  1898,  p.  159.)  An  even  greater  difference  in  grain  size  is  seen 
between  two  parts  of  one  of  Joisten's  micrographs  of  a  steel  of  0.07  per  cent,  carbon  after  20 
hours' exposure  to  700°  (Metallurgie,  Vol.  7,  1910,  Pig.  491,  facing  p.  458).  and  in  my  Fig.  G,  of 
Row  10,  Plate  IV,  of  a  0.40-per  cent,  carbon  steel  heated  at  900°  for  6  hours,  under  potassium 
chloride  and  cooled  in  air,  so  that  the  various  layers,  though  heated  alike,  were  cooled  at  dif- 
ferent rates.     See  Paragraph  62,  p.  355. 
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these  present  specimens  of  this  hyper-eutectoid  steel,  with 
results  agreeing  fairly  with  those  which  I  give  here.  Yet  the 
network  size  of  this  same  steel,  given  in  Fig.  7,  is  very  much 
greater  than  that  which  he  and  I  gave  earlier  for  steel  of  roughly 
like  composition.*  After  careful  examination  of  the  conditions 
I  am  at  a  loss  to  explain  the  difference. 

Influence  of  Surroundings  on  Network  Growth. — In  order  to 
prevent  decarburizing,  the  later  heatings  were  made  under  fused 
barium  or  potassium  chloride,  except  the  i -minute  and  3-minute 
1100°  heatings  of  Steel  I,  made  under  molten  copper.  But  in 
many  of  the  earlier  heatings  the  less  thorough  precaution  was 
used,  of  surrounding  the  specimen  with  an  atmosphere  rich  in 
carbonic  oxide  within  a  closed  vessel,  and  confining  the  micro- 
scopic examination  to  the  inner  parts  of  the  specimen,  where 
little  if  any  decarburization  was  to  be  expected.  In  studying 
the  effect  of  time  on  the  network  size  of  Steel  I  of  0.40  per  cent. 
carbon,  I  found  great  anomalies,  reminding  me  that  Professor 
William  Campbell  found  no  grain  growth  in  steel  of  0.43  per  cent, 
carbon  when  heated  to  ii8o°.t  On  further  examination  I  found 
that  the  anomalies  were  most  striking  after  those  heatings  made 
without  a  molten  cover.  Therefore  these  unprotected  heatings 
of  Steel  I  were  repeated  under  fused  chloride,  with  results  which 
are  fairly  concordant  as  regards  the  influence  of  temperature. 

I  have  set  the  results  reached  with  this  steel  without  molten 
cover  in  a  separate  part  of  Table  III,  and  in  making  the  curves 
for  this  steel  in  Fig.  6,  I  have  disregarded  all  of  them  except 
that  of  the  1 200°  6-hour  heating.  This  result  I  have  retained 
because  of  the  difficulty  of  making  such  a  heating  under  fused 
chlorides,  which  at  1200°  are  very  destructive  to  the  enclosing 
crucible  and  furnace.  The  cause  of  the  discrepancies  is  con- 
sidered in  Paragraph  57. 

57.  Results  Less  Concordant  With  Medium-Carbon  Steel. — 
In  general  my  results  are  much  less  concordant  with  these 
medium-carbon  steels  than  with  the  hyper-eutectoid  steel. 
Thus,  while  their  curves  in  Fig.  6  are  in  general  of  the  same 
family  a.s  those  of  the  hyper-eutectoid  steel  of  Fig.  7,  the  slight 

*BMahmrtmi  »n4  UiuiHg  JotmuJ,  Vol.  60,  iB9S>  P-  537.  This  steel  conUined  i.io  per 
oMtion,  0.0s  par  oant.  sUioon,  Mtd  0.41  per  cent,  nwngtnese.  See  also  tho  Author,  Iron, 
mid  9Um  Allojn.  p.  146. 

t  ProutMmtM,  Vol.  IX,  1909,  p.  j7o. 
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difference  between  the  lo-minute  and  6-hour  curves  for  the 
0.40-per  cent,  carbon  steel,  and  the  fact  that  the  lo-minute 
furnace-cooled  curve  lies  above  the  6-hour  air-cooled  curve  for 
the  0.46-per  cent,  carbon  steel,  are  certainly  anomalous. 

So  with  the  network  growth  for  the  four  different  exposures 
of  the  0.40-per  cent,  carbon  steel  to  1100°,  in  Table  IV.  Here, 
though  the  network  size  increases  with  the  length  of  exposure 
from  I  to  10  minutes,  the  increase  is  jerky  and  there  is  but  little 
further  growth  in  the  6-hour  exposure.  Yet  all  four  of  these 
exposures  were  under  molten  coverings. 

At  first  sight  one  is  inclined  to  refer  the  discrepancies  to  the 
influence  of  decarburizing  in  the  longer  heatings,  having  in  mind 
Proposition  6,  Paragraph  59,  page  351,  that  the  network  growth 
increases  with  the  carbon  content.  The  two  striking  discrepan- 
cies in  Fig.  6  are  that  the  network  growth  is  insufficient  in  the 

Table  IV. — Walled-Cell  Size  of  Steel  of  0.40-PER  Cent.  Carbon 
Increases  with  Length  of  Exposure  to  iioo"  C. ± 
(Condensed  from  Table  III.) 

Length  of  Exposure.  Cell  Sixc,  aq.  mm. 

I  minute* 0.009 

3        "      * o.oio 

10        "      t 0.026 

6  hourst o .  027 

6-hour  heatings,  and  of  course  it  is  precisely  in  these  6-hour 
heatings  that  decarburization  would  occur.  But  this  explana- 
tion is  not  in  itself  enough.  For  instance,  the  growth  in  the 
hrst  10  minutes  of  the  6-hour  curve  of  the  0.40-per  cent,  carbon 
steel  should  be  quite  as  great  as  in  the  10  minutes  of  the  lo-minute 
curve;  but  after  these  10  minutes  the  6-hour  specimens  had  a 
further  heating  of  5  hours  and  50  minutes;  yet  this  very  great  pro- 
longation of  the  exposure,  even  in  these  specimens  covered  with 
fused  salt,  caused  no  important  further  network  growth.  But  it  is 
inconceivable  that,  immediately  after  the  first  10  minutes,  decar- 
burization should  have  caused  so  complete  an  arrest  of  the  grain 
growth  of  the  austenite  that  none  of  importance  occurred  in  the 
following  5  hours  and  50  minutes.    Hence  this  explanation  fails. 

*  Total  time  of  heating.  The  very  brief  heatings  were  carried  out  by  immersing  small 
fine-grained  pieces  of  steel,  for  the  time  indicated,  in  a  bath  of  molten  copper  in  which  the 
thermo-couple  lay,  then  withdrawing  them,  and  allowing  them  to  cool  in  air. 

t  Exclusive  of  time  of  heating  up  and  cooling  down. 
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Nor  can  errors  in  manipulation  and  observation  explain 
the  discrepancies,  because  if  such  errors  existed  they  ought  to 
cause  discrepancies  in  all  directions,  whereas  within  the  limits 
to  be  expected  under  the  conditions,  the  results  are  concordant 
in  every  respect  save  and  except  only  that  the  lengthening  of 
the  exposure  of  the  medium-carbon  steel  does  not  lead  to  the 
expected  network  coarsening. 

This  concordance  is  shown  by  the  facts  (i)  that  in  all  three 
steels  for  given  length  of  sojourn  every  elevation  of  temperature 
is  followed  by  an  increase  in  network  size;  (2)  that  in  the  hyper- 
eutectoid  steel  every  lengthening  of  exposure  to  a  given  tempera- 
ture increases  the  network  size,  with  the  single  exception  of  the 
exposure  to  900°,  at  which  the  growth  is  so  slight  and  slow  that 
it  might  well  fail  to  efface  initial  variations  in  network  size;  and 
(3)  in  brief  that  as  far  as  the  data  go,  all  the  curves  for  all  three 
steels  are  of  the  same  family,  with  the  sharp  upward  break  near 
1100°  recorded  previously  by  Osmond  but  unknown  to  me  till 
after  these  curves  were  drawn.  That  the  position  of  this  break 
should  vary  with  the  composition  and  attendant  conditions  is 
not  surprising. 

Turning  from  these  relatively  concordant  results,  we  find 
in  both  the  medium-carbon  steels  very  serious  discrepancies 
which  suggest  strongly  that  some  perturbing  cause  is  stubbornly 
at  work  here,  masking  the  expected  coarsening  influence  of 
lengthening  the  exposure  to  a  given  high  temperature,  in  itself 
antecedently  most  probable,  and  strongly  reinforced  by  the 
coarsening  of  the  hy|)er-eutectoid  steel  with  every  such  prolonga- 
tion of  exp)osure.  Thus,  whereas  lengthening  the  exposure  from 
10  minutes  to  6  hours,  or  35-fold,  increases  the  network  size  of 
the  hyper-eutectoid  steel  in  one  case  5-fold,  in  the  other  case 
6-fold,  it  increases  that  of  Steel  I  in  the  heatings  from  900°  to 
1 100''  inclusive,  in  five  cases  by  only  between  4  and  37  per  cent., 
and  in  the  two  remaining  cases  it  actually  lessens  it  very  much. 
(This  refers  to  the  average  network  size  for  the  several  tempera- 
tures.) 

Again,  in  the  high-manganese  medium-carbon  Steel  II,  llu' 
furnace  cooled  specimens  after  10  minutes  exposure  to  1000" 
and  1 100°  respectively  arc  coarser  than  those  exposed  36  times 
as  long  (6  hours)  to  those  temperatures  and  air  cooled. 


Howe  on  Structure  of  Steel.  347 

In  view  of  these  results  we  understand  readily  the  old  habit, 
common  among  those  who  were  familiar  chiefly  with  rail  and 
other  medium  carbon  steels,  of  speaking  of  coarsening  as  if  it 
depended  on  temperature  only  and  were  independent  of  time. 

Such  a  perturbing  cause  is  at  hand  in  the  specific  effect 
which  long  and  high  heating  both  have  in  increasing  the  coal- 
escing of  the  ferrite  into  visible  masses  in  general  and  into  the 
cleavages  in  particular  (Principle  10,  Paragraph  28,  page  297). 
In  these  medium-carbon  steels,  especially  the  low  manganese 
steel,  we  have  already  seen  that  th  network  structure  is  so 
quickly  obscured  by  coalescing  and  by  the  appearance  of  inde- 
pendent ferrite  grains  within  the  walled  cells  that  air  cooling 
has  to  be  resorted  to  in  order  to  preserve  the  network  structure 
in  recognizable  state.  With  this  tendency  of  the  network  itself 
to  become  thus  obscured,  it  is  not  surprising  that  discrepancies 
in  network  measurements  should  arise.  It  is  rather  a  matter  of 
surprise  that  the  network  growth  with  rising  temperature  should 
be  as  constant  and  regular  as  it  is. 

With  these  facts  before  us,  it  is  easy  to  understand  that  pro- 
longing an  exposure  to  a  given  high  temperature,  and  thereby 
increasing  the  coalescing  of  the  ferrite  in  the  subsequent  cooling, 
should  lead  us  to  mistake  these  resultant  masses  and  especially 
the  cleavage  massing  for  true  grain  boundaries,  that  is,  the  triie 
network  structure,  and  to  count  fragments  of  true  walled  cells 
as  whole  walled  cells. 

In  short,  I  refer  the  failure  of  a  great  lengthening  of  sojourn 
at  a  given  high  temperature  to  reveal  the  expected  coarsening  of 
network  in  medium  carbon  steel,  and  its  even  lessening  the 
apparent  network  size,  chiefly  to  its  incidental  action  in  increas- 
ing, during  the  following  cooling,  the  coalescing  of  ferrite  into 
visible  masses  in  general,  and  into  the  cleavages  in  particular. 

In  view  of  these  conditions,  we  cannot  look  at  even  the 
relatively  regular  coarsening  of  the  hyper-eutectoid  steel  as 
conclusive  evidence  of  the  coarsening  of  the  austenite  grains 
themselves  with  time  and  temperature.  I  therefore  propose 
to  test  this  by  quenching  steels  of  various  carbon  contents  after 
various  lengths  of  sojourn  at  various  high  temperatures,  and 
examining  the  grain  size  of  the  resultant  martensite.  Should 
this  follow  the  behavior  of  the  network  of  hyper-eutectoid  steel 
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and  coarsen  with  time  and  temperature,  it  would  strengthen 
materially  the  already  probable  theory  of  a  like  coarsening  of 
the  austenite  grains  themselves. 

58.  Very-Low-Carbon  Steel. — If  we  assume  that  the  ferrite 
grains  of  very-low-carbon  steel  inherit  the  grain  size  of  the 
austenite  reached  in  Region  4,  as  seems  probable,  then  the  fact 
that  both  Osmond  and  Stead  found  no  ferrite  grain  growth  in 
dead-low-carbon  steel  after  high  heating,  in  spite  of  their  noting 
great  grain  growth  and  coarsening  of  network  in  the  case  of 
higher-carbon  steel,  indicates  that  the  grain  growth  of  austenite 
in  Region  4  is  very  slow  in  the  case  of  such  low-carbon  steel. 

Osmond,  experimenting  on  steel  of  0.02  per  cent,  carbon, 
says:  "Annealing  and  hardening  at  various  temperatures  includ- 
ing whiteness  did  not  change  very  appreciably  the  structure 
reached  on  long  annealing;"  and,  tentatively,  "It  seems  to  result 
from  this  first  examination  that  the  structure  of  pure  iron,  once 
fixed  by  a  prolonged  heating  at  about  900°,  is  nearly  independent 
of  the  subsequent  temperature  of  heating  and  the  rate  of 
cooling."*  This  behavior  oT  such  very-low-carbon  steel  is  in 
marked  contrast  with  the  great  network  growth  which  he  records 
in  the  case  of  steel  of  0.45  per  cent,  carbon  on  heating  succes- 
sively to  1015°  and  1330°.  In  the  same  way,  though  Steadf 
found  that  the  "grain  size"  (probably  network  size)  of  steels  of 
0.21-,  0.47-,  0.90-,  and  1.14-per  cent,  carbon  increased  with  the 
temperature  reached  in  Region  4,  yet,  after  noting  the  grain- 
rchning  at  900°  of  his  ultra-low-carbon  steel  with  only  0.0 1  per 
cent,  carbon,  he  says  "heating  to  1200°  does  not  apparently 
produce  any  difference  in  their  [the  grains]  size." 

This  sentence  seems  to  be  based  on  inspection  without  direct 
measurement  of  the  grain  size.  But  beyond  this  he  measured 
the  grains  of  steel  of  o.oi  per  cent,  carbon  after  heating  it  either 
very  briefly  to  temperatures  rising  to  1300°  and  immediately 
c<K)Iing  it,  or  after  a  4-hour  exposure  to  temperatures  reaching 
a.s  high  as  1000°,  without  material  increase  of  the  grain  size 
in  cither  ca.sc. 

Their  observations   should,    I    believe,    be   interpreted   as 

*  HiUUHm.  SoeU0  d^RmioHrottmtnl.  Ma/  iSos.  pp.  3S  ai>'l  xj  of  reprint;  ConlrihuUon 
4  I'I'Jmdt  4ft  .MUattt.  i«xji.  pp.  joj  wml  308;    MiiruMnpic  Analyiis  of  Mtlals,  pp.  na,  iij. 
t  JoMfnal,  Iron  and  .Slt*t  ImtiluU,  Vol.  1,  1898,  pp.  i8j.  184. 
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meaning  that  the  grain  growth  of  their  ultra-low-carbon  steel  was 
too  slight  to  be  detected  by  mere  inspection  in  the  cases  in 
which  direct  measurements  were  not  made;  and  that  in  the  cases 
in  which  Stead  actually  measured  the  grain  size,  the  heatings 
were  either  too  brief,  or  to  too  low  a  temperature,  to  induce  a 
material  coarsening.  I  interpret  them  thus  because  both 
Heyn  and  I  find  a  material  ihcrease  in  ferrite  grain  size  after 
heating  very-low-carbon  steel  highly  in  Region  4  above  the 
transformation  range.  Indeed,  in  1904,  Osmond  and  Stead 
evidently  inclined  to  this  opinion,  modifying  the  sentences  just 
quoted  from  Osmond  by  adding  at  their  end  "but  such  a  conclu- 
sion would  be  premature  .  .  .  All  that  can  be  said  is  that  the 
transformations  of  structure  of  pure  iron  are  slower  than  those 
of  carburized  irons,"*  referring  of  course  to  the  grain  growth 
in  Region  4  above  the  transformation  range,  and  not  to  the 
rapid  grain  growth  of  low-carbon  steel  in  Region  7,  between 
A I  and  A2. 

Heyn,  on  actually  measuring  the  ferrite  grain  size  of  steel 
of  0.03  per  cent,  carbon,  found  that  it  increased  materially  with 
the  time  occupied  in  coolmg  from  1100°,  that  is,  with  the  length 
of  exposure  to  high  temperatures  in  Region  4.!  When  heated  in 
half  an  hour  to  1100°  and  cooled  either  with  moderate  rapidity 
or  by  quenching,  the  grains  were  much  smaller  than  before  the 
heating;  but  when  the  cooling  from  1 100°  lasted  in  one  case  about 
three-quarters  of  an  hour  and  in  another  case  about  7.5  hours, 
the  grains  were  materially  larger,  in  one  case  much  larger  than 
initially.  The  inference  from  this  is  that  the  grain  growth  of 
this  very-low-carbon  steel  is  so  slow  that  during  a  short  exposure 
to  temperatures  near  and  below  1100°  it  does  not  grow  enough 
to  make  up  for  the  grain  shattering  which  occurred  at  Ac3,  say 
900°;  whereas  on  greatly  prolonging  the  sojourn  at  high  tem- 
peratures in  Region  4  the  grain  size,  after  the  shattering  which 
occurred  at  900°,  later  approached  and  in  one  case  grew  beyond 
the  initial  size. 

The  grain  growth,  slow  between  889°  and  1125°,  and  then 
more  rapid  up  to  1247°,  noted  by  Fay  and  Badlam,J  can  hardly 

*  Microscopic  Analysis  of  Metals,  London,  1904,9.  113. 

t  Journal,  Iron  and  Steel  Institute,  Vol.  2,  1902,  pp.  80,  103. 

X  Technology  Quarterly,  Vol.  13,  1900,  pp.  311,  312. 
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be  used  to  show  that  such  growth  occurs  in  ultra-low-carbon  steel, 
because  their  steel  contained  as  much  as  0.07  per  cent,  carbon. 

My  results  in  Table  IVa  and  Fig.  6  show  that  the  ferrite 
grain  size,  not  only  of  steel  of  0.03  per  cent,  carbon  but  even  of 
electrolytic  iron,  increases  materially  with  the  temperature 
to  which  the  metal  has  been  exposed.  I  here  condense  these 
results,  recognizing  the  fact  that  these  grains  may  prove,  on 
further  examination,  not  to  be  grains  in  the  strict  sense  of 
the  word.  Two  independent  heatings  of  unforged  electrolytic 
iron  agreed  in  showing  grain  growth  of  the  same  order  of 
magnitude. 

The  slowness  of  the  ferrite  grain  growth  of  all  these  ultra- 


Table  IVo. — Increase  of  Ferrite  Grain  Size  on  Heating  Ultra-Low- 
Carbon  Steel  and  Electrolytic  Iron. 


Heatinc. 

Grain  Sise,  sq.  mm. 

Temperature 
reached,  "C. 

Time  held 
there,  hours. 

Carbon,* 

0.023  per  cent. 

Electrolytic  Iron. 

Carbon,* 

0.029  per  cent. 

Eleotrolytio  lion. 

Carbon, 

0.027  per  cent. 

Steel  VI. 

000 

92.5 

1,200 

1.300 

i.ano 

1 
1 
1 
1 
2 

"o.ooei 

0.6665 

o'.imh 
o'.imk 

0.0046 
0.0372 

low-carbon  steels  may  possibly  be  due  to  their  containing  oxygen, 
which,  assembling  at  the  grain  boundaries,  may  interfere  with 
the  contact  of  metal  with  metal  necessary  to  contact  coalescence. 
But  this  would  hardly  apply  to  the  electrolytic  iron. 

For  the  reasons  given  in  Principle  i,  Paragraph  15,  page  277, 
the  slow  grain  growth  of  nearly  carbonless  austenite  harmonizes 
with  the  theory  of  Ewing  and  Rosenhain.  The  mass  as  a  whole 
being  so  nearly  free  from  carbon,  dilTcrcnt  dendrltically  connected 
parts  would  differ  initially  less  in  carbon  content  from  each 
other  and  from  the  intervening  metal  than  like  parts  in  higher 
carbon  steel  would.  After  a  given  opportunity  for  dilTusion,  the 
residual  differences  in  carbon  content  would  be  less  than  in  a 
higher-carbon  steel,  with  con.sequent  less  dilTerenre  in  jKitential 
and  slower  electrolytic  grain  growth. 

*  TIm  ewboa  eoatant  of  th*  dactrolyttc  iron  waa  dctvnninad  after  heating. 
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More  than  twenty  years  ago  I  found  enormous  growth  of 
the  grain  of  commercially  pure  copper  and  platinum  at  high 
temperatures;  and  Heyn  has  found  that,  at  1000°,  the  grain  of 
copper  grows  from  98  to  more  than  100,000  ft^  in  26  minutes, 
including  the  time  of  heating  up.* 

The  comparison  of  the  assertions  of  different  writers  concern- 
ing this  very-low-carbon  steel  must  be  made  very  cautiously, 
because  we  are  not  sure  when  they  say  "grain  size"  they  mean 
the  same  thing.  Andrews  called  attention  to  the  different  orders 
of  grain  size,  grains  and  subdivisions  of  grains.  For  instance,  it 
is  striking  that  the  grains  which  Stead  found  in  steel  of  o.oi 
per  cent,  carbon  after  heating  to  temperatures  varying  from  700° 
to  1300°  and  cooling  slowly  lay  between  the  limits  of  o.ii  and 
2.52  mm.  in  diameter,  or  with  areas  of  from  o.oi  to  6.4  sq.  mm. 
Yet  the  largest  of  the  areas  of  Heyn's  grains  of  his  0.03-per 
cent,  carbon  steel  after  heating  to  1100°  and  cooling  at  various 
rates,  was  0.004  sq.  mm.,  that  is  to  say  of  a  wholly  different  order 
of  magnitude. 

59.  Proposition  6.  (Provisional.)  The  Rate  of  Network 
Coarsening  Increases  with  the  Carbon  Content. — This  is  supported 
by  a  comparison  of  the  curves  for  the  0.03-,  o.46-,o.40-,  and  1.14- 
per  cent.j^carbon  steels  of  Figs.  6  and  7,  pages  341,  342,  if  we  allow 
for  the  retarding  effect  of  the  1.21  per  cent,  of  manganese  in 
the  0.46-pei:  cent,  carbon  steel.  Moreover,  it  is  in  agreement 
with  the  results  of  Osmond  and  of  Stead,  which  seemed  to  show 
that  there  was  no  grain  growth  of  austenite  in  their  very-low- 

*  Journal,  Iron  and  Steel  Inslilute,  Vol.  2,  1902,  p.  loj.  Table  VII.  /x  equals  o.ooi  mm. 
It  is  true  that  there  are  apparent  exceptions  to  this  general  law,  for  instance  that  the 
grains  of  certain  gold  alloys,  when  gently  heated,  have  been  found  to  break  up  into  smaller 
grains.(See  Osmond  and  Roberts-Austen  "On  the  Structure  of  Metals,"  Proceedings,  Royal 
.Society,  June  18,  1896,  p.  430.)  So  far  as  I  have  noticed,  these  disintegrations  are  of  grains 
which  for  some  special  reason  have  been  thrown  out  of  equilibrium.  In  the  case  of  the  gold 
alloys  just  referred  to,  the  break-up  is  readily  understood.  Before  the  heating  which  induced 
it;  these  pieces  were  not  only  in  the  cast  state,  with  the  unstable  columnar  structure  which  the 
rapid  cooling  during  solidification  induces,  but  further  had  been  distorted  by  tensile  test,  and 
hence  were  inequiaxed,  and  hence  had  an  additional  element  of  instability.^  That  these  unstable 
grains  should  break  up  on  reheating  to  between  200°  and  250°  and  yield  new  equiaxed  smaller 
grains,  and  indeed  that  larger  grains  which  are  unstable  for  any  reason  should  break  up,  and 
that  the  new  stable  onesf  ormed  from  their  wreck  be  smaller,  is  only  what  we  should  expect. 

Like  breaking  up  of  inequiaxed  grains  of  steel  on  gentle  heating  is  most  familiar.  Heyn 
found  that  it  began  at  400°  and  completed  itself  at  600°  (Ueber  die  Nutzanwendung  der 
Metallographie,  Slahl  und  Eiseti,  Vol.  26,  1906,  pp.  580  to  596),  and  Stead  found  that  it  com- 
pleted itself  at  the  melting  point  of  aluminum,  say  657°.  (.Journal,  Iron  and  Steel  Institute, 
Vol.  1,  1898,  p.  157.) 
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carbon  steel  in  Region  4  above  A3,  and  with  the  moderate  gram 
growth  of  the  ultra-low-carbon  steel  and  electrohtic  iron  of 
Table  TV  a.  Further  what  appears  to  be  the  network  size  in 
Osmond's  early  measurements,*  after  heating  to  ten  different 
high  temperatures,  is  uniformly  much  larger  in  steel  of  0.45  per 
cent,  carbon  than  in  that  of  0.14  per  cent. 

A  natural  inference  is  that  for  a  given  temperature  the 
mobility  increases  with  the  carbon  content,  which  harmonizes 
with  the  fact  that  the  solidus  falls  rapidly  as  the  carbon  content 
increases,  so  that  for  a  given  temperature  in  Region  4  above  A3 
the  amount  by  which  the  steel  Hes  below  its  temperature  of  incip- 
ient fusion  is  the  less  the  higher  the  carbon  content.  Another 
explanation  given  under  Principle  i.  Paragraph  15,  page  277,  is 
that  the  congenital  heterogeneousness  of  the  austenite  increases 
with  the  carbon  content,  and  with  it  increases  the  difference 
of  ix)tential  residual  after  a  given  opportunity  for  diffusion,  and 
with  this  the  rapidity  of  grain  growth. 

This  proposition  is  in  marked  contrast  to  Provisional  Propo- 
sition 22,  Paragraph  73,  page  370,  which  holds  provisionally  that 
the  rapidity  of  ferrite  grain  growth  is  inversely  as  the  carbon 
content. 

60.  Proposition  7.  The  Proportion  of  Coagulated  Ferrite 
Increases  With  the  Sloumcss  of  Cooling. — This  is  a  necessary 
consequence  of  Principle  12,  Paragraph  34,  page  306,  that  ferrite 
becomes  visible  only  through  the  coalescing  of  initially  invisible 
particles  into  visible  masses.  This  ferrite  does  not  exist  above 
the  transformation  range,  but  comes  into  existence  during  the 
cooling  down  through  that  range.  Hence  it  is  only  during  the 
cooling  from  the  top  of  that  range  down  that  any  coalescence  of 
this  ferrite  is  possible;  and  hence  in  turn  the  slower  the  cooling 
the  greater  the  opportunity  for  coalescence  into  visible  islets. 

So  far  as  I  know  this  projxjsilion  was  first  indicated  by  Dr. 
Boynton  when  he  implied  that  the  quantity  of  coagulated  ferrite 
was  the  less  the  faster  the  cooling  and  the  smaller  the  sample, 
small  size  of  course  implying  faster  cooling  under  like  condilions.f 

Itis  true  that  he  looked  at  the  mailer  from  the  opposite  point 


•Bimdn  ytUUtmtk-*;  PUu  III,  1 .» i  fi'.  <'  '' * '<■•  ■'"  ^'<»m, 

jMif-Amput.  isat. 

t  Tlu  Irom  arndSUtl  Uagaaimt,  Vol.  7.  1004.  p.  47a. 


Howe  on  Structure  of  Steel.  353 

of  view,  namely,  that  rapid  cooling  increases  the  proportion  of 
sorbite  in  his  steels.  But,  as  we  now  believe,  this  sorbite  is 
simply  a  mixture,  an  emulsion  too  fine  to  be  resolved  by  the 
microscope,  of  pearlite  and  ferrite.  At  a  temperature  high 
enough  to  permit  coalescence  to  go  on,  the  ferrite  and  pearlite 
of  this  emulsion  severally  coalesce  into  visible  masses;  so  that 
the  presence  of  sorbite  is  from  this  point  of  view  substantially 
a  shortage  of  recognizable  ferrite  and  pearlite. 

This  proposition  is  verified  by  my  micrographs.  Thus  the 
quantity  of  coagulated  ferrite  is  very  much  greater  in  each  of  the 
micrographs  of  the  furnace-cooled  Rows  3  and  4,  Plate  II,  than 
in  the  corresponding  micrograph  of  the  air-cooled  Rows  5  and 
6,  Plate  III. 

61.  Proposition  8.— Long  high  heating  retards  the  coagula- 
tion of  sorbite  into  pearlite  plus  free  ferrite  or  cementite,  thus 
increasing,  in  air-cooled  steel,  the  quantity  of  sorbite  and  the 
areas  free  from  coagulated  ferrite.  These  are  Items  3  and  7  of 
Principle  10,  Paragraph  28,  page  297.  Dr.  Boynton  enunciated* 
along  with  Proposition  7,  the  proposition  that  long  and  high 
heating  increases  the  quantity  of  sorbite  in  air-cooled  steel, 
a  proposition  which  is  embraced  in  the  present  one.  He  informs 
me  that  his  proposition  was  based  on  five  concordant  sets  of 
observations,  and  that  he  has  often  verified  it  since;  and  Professor 
Sauveur,  in  whose  laboratory  the  observations  were  made,  informs 
me  that  he  accepts  it.f  Most  of  what  was  said  under  Proposi- 
tion 6  applies  here,  mutatis  mutandis. 

Turning  now  to  the  effect  of  long  high  heating  in  increasing 
the  areas  free  from  coagulated  ferrite,  Morse's  micrographs  agree 
with  this  proposition  as  well  as  can  be  expected  in  view  of  his 
not  having  it  in  mind,  and  hence  not  selecting  spots  specially 
suited  for  illustrating  it.J  Comparing  his  simple  heatings  to 
900°,  1100°,  1200°,  and  1300°,  followed  immediately  by  relatively 
rapid  cooling  (bedded  in  lime),  we  find  certainly  a  decided  increase 
in  the  size  of  the  individual  pearlite  plus  sorbite  areas  between 
his  ferrite  grains,  and  apparently  an  increase  in  their  total  area, 
as  the  temperature  reached  rises.     Again,  comparing  the  speci- 


♦  Iron  and  Steel  Magazine,  Vol.  7,  1904,  p.  472. 

t  Private  communications,  August  s  and  7,  191 1. 

X  Transactions,  American  Institute  of  Mining  Engineers,  Vol.  29,  1899,  pp.  729-750. 

23 


354  Howe  on  Structure  of  Steel. 

men  heated  to  900°  and  withdrawn  immediately  with  those  held 
at  900°  for  one-half  and  one  hour;  and  also  that  heated  to  1 200° 
and  withdrawn  immediately  with  that  held  for  half  an  hour  at 
1 200°,  we  note  that  prolonging  the  exposure  to  a  given  tempera- 
ture in  Region  4  above  the  transformation  range,  increases  the 
individual  size  and  the  collective  area  of  the  parts  free  from 
coagulated  ferrite.  But  in  such  coarse-grained  specimens  the 
structure  varies  so  much  from  spot  to  spot  that,  unless  the  spots 
are  selected  expressly  for  the  purpose  of  testing  this  proposition, 
they  cannot  be  accepted  as  conclusive  e\'idence. 

My  own  micrographs  tend  in  a  general  way  to  comply  with 
this  proposition.  Like  Morse's  they  were  not  selected  with  this 
proposition  in  mind.  That  prolonging  the  heating  lessens  the 
proportion  of  coagulated  ferrite  or  cementite  can  be  seen  in 
every  case  in  which  it  should  be  expected,  namely,  on  com- 
paring Figs.  B,  C,  D,  and  E  of  Row  i,  Plate  II,  with  the  corre- 
sponding figures  of  Row  2;  on  comparing  Fig.  E  of  Row  3 
with  E  of  Row  4;  and  on  comparing  Fig.  C  of  Row  7  with  C 
of  Row  8.  The  exceptions  ought  to  be,  and  are,  reasonably 
explained.  Thus  in  Figs.  A  of  Rows  i  and  2,  the  quantity  of 
visible  cementite  cannot  be  distinguished.  In  Figs.  A,  B,  C,  and 
D,  Rows  3  and  4,  the  slow  cooling  seems  to  have  afforded 
time  for  the  practically  complete  assembling  of  the  ferrite  into 
visible  masses  even  after  the  longer  heating.  In  Rows  5  and  6 
the  influence  of  the  longer  heating  was  all  too  likely  to  be  masked 
by  that  of  unintentional  variations  in  the  rate  of  air-cooling 
because  this  proposition  was  not  before  me  at  the  time. 

As  regards  the  influence  of  higher  heating  in  increasing  the 
areas  free  from  coagulated  ferrite  or  cementite,  the  indications  of 
my  micrographs  are  much  less  clear.  This  may  be  partly  because 
the  general  look  changes  so  much  with  the  temperature  reached 
that  a  comparison  of  the  quantity  of  coagulated  ferrite  or  cemen- 
tite is  not  easy;  partly  because  the  etchings  were  not  made  with 
a  view  to  bringing  out  this  effect;  and  partly  for  the  reasons 
given  in  the  preceding  jiaragraph.  All  that  can  be  said  is  that, 
in  Rows  I  and  6,  the  highest  heated  members  have  the  least 
coagulated  ferrite  or  cementite;  and  that  most  of  the  exceptions 
nrecapable of  a  reasonable  explanation.  Yet,  in  Row  4,  thouijh 
th«'  hit'liL'st  heated  but  one,  J*',  h:is  iiulci-d  the  least  c oai/iilatcd 
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ferrite,  the  very  highest  heated,  F,  has  more  coagulated  ferrite 
than  any  other. 

We  may  accept  this  proposition  as  regards  the  quantity  of 
sorbite.  As  regards  the  areas  free  from  coagulated  ferrite  the 
proposition  is  antecedently  probable,  but  its  experimental  sup- 
port, though  encouraging,  is  not  strong  enough  to  be  conclusive. 

62.  Proposition  g. — The  network  structure  is  most  marked 
in  specimens  which  have  been  cooled  at  an  intermediate  rate, 
(i)  slow  enough  to  permit  the  massing  of  much  ferrite  into  the 
grain  boundaries  where  it  forms  cell-walls,  yet  (2)  not  so  slow 
as  to  allow  the  spheroidizing  of  the  ferrite  in  those  cell-walls 
and  the  coalescing  of  the  scattered  ferrite  within  the  kernels 
themselves  to  break  it  up. 

This  proposition  is  in  accord  with  Principle  16,  Paragraph 
39,  page  310,  indeed  almost  a  re-statement  of  it. 

Experimental  proof  of  it  is  given  by  my  present  micrographs. 
Thus  comparing  Rows  5  to  8,  Plate  III,  with  Rows  3  and  4, 
Plate  II,  the  network  structure  is  very  clearly  seen  in  every  one 
of  the  relatively  fast-cooling  air-cooled  and  clay-cooled  speci- 
mens, but  in  none  of  the  much-slower-cooling  furnace-cooled 
ones,  excepting  those  (E  and  F  of  Row  4)  in  which  very  high 
heating  has  fixed  the  network  structure,  according  to  Proposi- 
tion 13,  Paragraph  66,  page  362.  In  Fig.  E  of  Row  3,  the  short 
exposure  to  1200°  has  fixed  this  structure  to  an  intermediate 
extent,  as  pointed  out  in  the  same  place. 

Again,  in  the  relatively  fast-cooled  series,  Figs.  24  to  28, 
Plate  I,  the  network  structure  is  very  prominent,  whereas  in  the 
more  slowly  cooled  series.  Figs.  18  to  23,  the  structure  of  the 
same  steel  has  passed  through  the  network  stage,  and  shows  in 
Fig.  20  the  break-up  of  the  network  or  cell-walls  through  spheroid- 
izing. Indeed,  in  preparing  this  series,  Figs.  24  to  28,  so  as  to 
show  the  progressive  thickening  of  the  cell-walls  in  the  passage 
down  through  the  transformation  range,  I  had  to  rely  on  this 
principle  that  an  intermediate  rate  of  cooling  develops  the  net- 
work structure  without  destroying  it. 

Two  micrographs  of  Dr.  Boynton's  illustrate  this  proposition 
that  the  development  and  preservation  of  the  network  structure 
require   an   appropriate   intermediate   rate   of   cooling.*    This 

♦  Iron  and  Steel  Magazine,  Vol.  7,  1904,  p.  477,  Figs.  7  and  8. 
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structure  is  very  marked  in  a  specimen  of  hypcr-eutectoid 
i.ii-per  cent,  carbon  steel  cooled  in  the  furnace  from  1100°, 
but  is  absent  from  a  like  specimen  treated  in  the  same  way  except 
that  it  was  air-cooled.  Again,  it  is  very  prominent  in  the  hypo- 
eutectoid  0.52-per  cent,  carbon  steel  of  Sauvcur  and  Boynton* 
air-cooled  from  1100.°  but  not  in  a  specimen  treated  in  exactly 
the  same  way  save  that  it  was  cooled  in  the  furnace.  In  the 
case  of  Dr.  Boynton's  hj^^er-eutectoid  steel  the  air-cooling 
has  not  given  the  time  needed  for  the  small  quantity  of  free 
cementite  to  coalesce  into  a  visible  network,  though  the  slower 
furnace-cooling  has;  and  accordingly  the  air-cooled  specimen  is 
free  from  coagulated  cementite,  whereas  the  furnace-cooled  one 
has  a  well-marked  cementite  network. 

In  the  case  of  my  hj-po-eutectoid  steel  the  air-cooling  has 
given  the  abundant  free  ferrite  time  thus  to  coalesce,  but  the 
slower  furnace-cooling  has  given  time  for  the  additional  ferrite 
scattered  through  the  kernels  to  coalesce  into  islands  which  mask 
the  network,  and  has  given  the  cell-walls  themselves  time  first 
to  spheroidize  and  then  to  break  up;  and  accordingly  we  find 
well-marked  network  or  cell-walls  in  the  air-cooled  specimens, 
but  an  abundance  of  irregular  scattered  ferrite  islets  without 
traceable  network  structure  in  the  furnace-cooled  ones  shown  in 
Figs.  B  to  D  of  Rows  3  and  4,  Plate  II. 

A  difference  in  the  rate  of  cooling  of  the  various  layers  is 
probably  the  cause  of  the  great  difTerence  in  the  size  of  the 
network  of  the  two  halves  in  Fig.  G  of  Row  10,  Plate  IV.  This 
figure  represents  Steel  I  (carbon  0.40  per  cent.),  heated  for  6 
hours  at  900°  under  potassium  chloride,  and  cooled  in  an  air 
blast.  Here  the  conditions  of  heating  must  have  been  closely 
alike  throughout  the  specimen,  but  of  course  air-cooling  would 
be  far  more  rapid  in  the  outside  than  in  the  inside.  It  is  prob- 
able that,  had  the  cooling  of  the  right  side  been  somewhat  slower, 
it  would  have  developed  a  network  like  that  of  the  left  side. 
These  two  networks  are  evidently  of  different  orders.  The 
( oarser  one  may  represent  the  persistence  of  the  initial  network 
uf  Koltdincation. 

63.  Proposition  10.  The  intermediate  rate  of  cooling  needed 
for  catching  the  network  structure  during  its  transitory  life  is  more 
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rapid  in  the  case  of  hypo-eutectoid  steel  than  in  that  of  hyper- 
eiilcctoid  steel.- — In  other  words,  cementite,  whether  in  the  cell- 
walls  or  scattered  within  the  kernels  themselves,  coalesces, 
spheroidizes,  and  breaks  ranks  less  rapidly  than  ferrite  under  like 
conditions.  A  beginning  of  this  spheroidizing  of  cell-wall 
cementite  is  plainly  seen  in  Figs.  D  and  F  of  Row  q,  Plate  IV. 

Three  cases  may  be  cited  in  support  of  this  proposition. 

First,  taking  jointly  the  cases  just  cited  from  Professor 
Sauveur  and  Dr.  Boynton,  though  air-cooUng  suffices  to  bring 
out  the  ferrite  cell-walls  in  hypo-eutectoid  steel,  those  walls 
cease  to  be  traceable  after  the  slower  furnace-cooling.  On  the 
other  hand,  the  cementite  cell-walls  of  hyper-eutectoid  steels  in 
their  cases  have  not  time  to  form  in  an  air-cooling,  yet  not  only 
form  but  persist  unbroken  in  a  furnace-cooling. 

Second,  much  the  same  thing  can  be  traced  in  my  micro- 
graphs. The  cementite  cell-walls  persist  unimpaired  through 
the  furnace-cooling  of  my  hyper-eutectoid  steels,  Rows  i  and  2, 
Plate  II;  but  the  ferrite  cell-walls  of  hypo-eutectoid  steel, 
though  very  plain  after  air-cooling,  have  broken  up  and  cease  to 
be  visible  after  furnace-cooling,  as  is  readily  seen  by  comparing 
Rows  3  and  4,  Plate  II  with  Rows  5  to  8,  Plate  III. 

Third,  Professor  Arnold's  micrographs  of  blister  steel  show 
that,  in  spite  of  the  extreme  slow  cooling  which  follows  the 
cementation  process,  lasting  14  days,  the  cementite  network  per- 
sists in  some  cases  but  little  broken.  Thus  it  is  very  perfect  in 
the  micrograph  of  his  steel  of  i  .6  per  cent,  carbon  (his  Section  8), 
and  is  prominent  in  at  least  part  of  each  of  his  other  micrographs 
of  hyper-eutectoid  blister  steel.*  Yet  it  is  evident  that  even 
cementite  may  at  last  break  ranks  and  thus  break  up  the  network 
system,  for  in  parts  of  five  of  his  micrographs  of  hyper-eutectoid 
blister  steel,  those  with  1.3,  1.4,  1.5,  1.8,  and  1.9  per  cent,  of 
carbon,  the  cementite  network  is  either  absent,  or  much  less 
perfect  than  in  my  much  less  slowly  cooled  specimens.  Rows 
I  and  2,  Plate  II. 

64.  Proposition  11.  True  network  structure  habitually  arises 
through  one  of  the  two  processes  of  differentiation ,  (i)  solidification, 
and  (2)  transformation. — In  other  words,  it  arises  in  a  sojourn 

*  The  Micro- Chemistry  of  Cementation.    Journal,   Iron  and  Sled  Inslitute,  Vol.  2,  1898, 
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either  in  the  freezing  range  or  in  the  transformation  range,  so 
that  a  slow  cooUng  which  begins  very  far  below  the  top  of  the 
transformation  range  does  not  generate  the  network  structure. 

This  is  in  accord  with  Principle  9,  Paragraph  26,  page  295. 

It  is  in  general  accord  with  this  law  that  steel  ingots  and 
other  castings,  before  anneahng,  generally  have  a  marked  cellu- 
lar structure,  due  to  the  differentiation  which  occurs  during 
solidifying,  and  the  formation  of  a  network  poorer  in  carbon 
than  the  meshes  which  it  encloses.  Further,  that  once  this 
initial  network  has  been  removed,  whether  by  mechanical  or 
thermal  treatment,  no  characteristic  network  structure  is  again 
set  up  except  by  slow  cooling  through  at  least  part  of  the  trans- 
formation range,  after  an  exposure  to  a  temperature  in  Region 
4  high  enough,  and  for  a  time  sufficient,  to  set  up  in  the  austenite 
a  coarseness  of  grain  sufficient  to  cause,  with  the  ferrite  which 
it  rejects  in  cooling  through  the  transformation  range,  a  visible 
network    structure. 

For  instance,  the  hot-finished  parts  of  rails  habitually  show 
a  true  network;  whereas  the  cool-finished  edges  of  the  flange  may 
show  none.  This  agrees  with  the  above  proposition,  for  the 
hot-finished  parts  have  presumably  cooled  with  little  mechanical 
distortion  from  a  temperature  high  enough  in  Region  4  to  gen- 
crate  austenite  grains  of  considerable  size,  which  in  turn  generate 
a  corresponding  network  structure  in  passing  through  the  trans- 
formation range.  But  the  cold-finished  parts  have  had  their 
austenite  grains  which  formed  at  a  high  temperature  broken 
up  by  the  rolling,  and  this  process  has  been  repeated  either  till 
the  final  austenite  grains  which  have  formed  after  the  mechanical 
distortion  ceased  are  so  fine  grained  as  not  to  give  rise  to  the 
characteristic  network,*  or  till  the  temperature  has  fallen  to 
within  the  transformation  range. 

Further,  heating  followed  by  slow  cooling  does  not  give 
ri.sc  to  a  network  unless  it  includes  a  sojourn  long  enough  and 
high  enough  above  the  bottom  of  the  transformation  range  to 
give  rise  to  austenite  grains  of  ai)precial)le  size.  Thus  in  my 
micrographs  the  network  is  plain  in  all  those  members  of  Rows 
S  and  6,  Plate  111,  which  have  cooled  from  well  above  the  top  of 

'SMtvaur.  T>mu$ttlcmt,  A mnitan  Intlitutt  of  Uinim  llHuineirs,  Vol.  jj,  i8vj,  t>i).  s\0- 
f  17.  and  aatMciidly  Platw  IV  and  V . 
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the  transformation  range,  B  to  E;  but  it  is  not  recognizable  in 
A,  the  temperature  of  which  did  not  rise  above  the  transformation 
range. 

This  proposition  is  supported  by  an  analysis  of  the  r  .marks 
of  M.  Osmond  and  the  micrographs  of  Professor  Campbell. 
Thus  M.  Osmond's  words  lead  us  to  infer  that,  in  the  case  of  a 
steel  of  1.25  per  cent,  carbon  cooled  slowly,  the  network  was 
lacking  when  the  coolingwas  from  750°,  that  is,  from  a  point  low 
down  in  the  transformation  range,  but  present  when  it  was  from 
1015°,  or  from  above  that  range.* 

Professor  William  Campbell's  hyper-eutectoid  steels  had 
initially  the  rather  fine  network  structure  due  to  the  low  finishing 
temperature  of  their  rolling  by  the  maker.  He  then  heated  a 
scries  of  pieces  of  each  steel  to  a  series  of  temperatures,  and  cooled 
them  slowly.  Though  we  cannot  interpret  the  results  with 
complete  confidence,  yet  it  appears  that  in  those  cases  in  which 
the  temperature  rose  above  the  transformation  range,  and  in  the 
case  in  which  his  i.6i-per  cent,  carbon  steel  rose  nearly  to  the 
top  of  that  range,  a  well-marked  network  structure  was  developed 
in  cooling  down  through  that  range,  but  not  in  the  cases  in  which 
the  heating  fell  far  short  of  the  top  of  that  range,  f 

Some  of  my  unpublished  results  show  that  this  assembUng  of 
cementite  into  a  network  is  accomplished  by  a  sudden  loss  of 
ductility,  as  we  should  naturally  expect,  because  during  over- 
strain these  large,  sharp,  hard  plates  would  easily  shear  into  the 
neighboring  metal  gashes  too  deep  to  heal  by  flow. 

The  remark  of  Sauveur  and  Boynton  that,  in  the  case  of 

*  Microscopic  Analysis  of  Metals,  Osmond  and  Stead,  pp.  144-145.  Here  one  has  to 
read  between  the  lines. 

t  Proceedings,  Vol.  VI,  1906,  pp.  21 1-239.  For  his  several  hyper-eutectoid  steels,  the  high- 
est temperature  which  failed  to  cause  the  network  structure,  and  the  lowest  which  did  yield 
that  structure  were  as  follows: 

Carbon  content,  Peak  temperature.  Probable  position 

percent.  Network  lacking.  Network  present.  of  A3. 

2.04  1070°  1200°  1130° 

1.94  1070  1200  1 130 

1.72  950  1200  1130 

1.61  85s  1070  1090 

It  is  true  that,  in  those  heatinijs  of  all  but  the  last  of  these  steels  which  yielded  a  network 
structure,  there  was  an  excursion  above  the  eutectic  melting  point;  but  as  irf  none  of  these 
cases  did  it  go  as  much  as  one-third  way  towards  the  liquidus.  it  is  less  probable  that  the 
network  structure  formed  in  that  excursion  than  that  it  formed  in  cooling  through  the 
transformation  range. 
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steel  of  0.52  per  cent,  carbon,  air  cooling  from  temperatures 
exceeding  1000°  always  gives  rise  to  a  "network"  structure,* 
is  in  general  agreement  with  this  proposition.  In  my  micro- 
graphs a  peak  temperature  of  900°  suffices,  under  favorable 
conditions,  to  set  up  a  network  structure  which  persists  through 
cooling,  as  in  the  furnace-cooled  B  of  Row  2,  Plate  II  (hyper- 
eutectoid)  and  the  air-cooled  B  of  Rows  5  and  6,  Plate  III 
(hj-po-eutectoid,  C  =  o.4o). 

The  interpretation  of  the  evidence  is  complicated  by  the 
considerations  that,  other  things  being  equal,  high  and  long 
heating  tend  to  fix  the  network  structure,  and  that  slow  cooling 
tends  to  break  it  up.  Hence  the  proposition  must  be  applied 
cautiously,  and  indeed  the  evidence,  though  encouraging,  is 
far  from  conclusive. 

In  order  that  the  reader  may  the  more  readily  see  how  the 
numbers  just  given  bear  upon  this  proposition,  the  probable 
position  of  part  of  the  line  SE  is  sketched  in  Fig.  5. 

65.  Proposition  12.  The  assembling  of  ferrite  in  parallel 
handings  is  favored  by  long  and  high  heating  in  Region  4. — This 
proposition  accords  with  Principles  10  and  17,  Paragraphs  28 
and  40,  pages  297,  310. 

That  the  thoroughness  of  crystalline  organization  caused 
by  very  high  heating  enables  the  austenite,  in  later  cooling 
through  the  transformation  range,  to  expel  into  the  cleavages 
of  the  individual  austenite  grains,  as  well  as  into  the  boundaries 
between  grains,  the  ferrite  which  it  then  generates,  is  suggested 
by  the  micrographs  of  my  highly  heated  specimens,  for  instance 
E  and  F  of  Row  4,  Plate  II,  E  of  Row  6,  Plate  III,  and  F  of  Row 
10,  Plate  IV^  and  by  Morse's  Figs.  24  and  25,  all  of  which  repre- 
sent heatings  to  1200°  or  higher.  These  micrographs  indicate 
strongly  a  concentration  of  ferrite  in  the  octahedral  cleavages 
of  the  mother  austenite. 

Perhaps  the  most  striking  case  of  all  is  the  parallel  banding 
of  Bclaiew's  steel  of  0.55  per  cent,  carbon,  cooled  extremely 
slowly  from  the  molten  state,  with  a  sojourn  of  some  16  hours 
in  Region  4,  including  of  course  the  extremely  high  temperatures 
just  l)clow  the  melting  range,  f    He  seems  to  show  conclusively 

*  Tr»nt»tHomi.  A  mrritan  InttituU  of  Mtnint  Entinttrs,  Vol.  j.(,  1904,  pp.  iSO-tsS. 
t  Kirut  4*  UrtaUmrgU,  Uemotr*t,  Vul.  7,  1910,  pp.  jio-jJi. 
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that  this  banding  is  in  the  octahedral  cleavage  planes  of  the 
austenite.  We  do  not  know  positively  whether  the  network 
in  this  case  represents  the  persistence  of  the  initial  network 
formed  during  solidification;  or  whether,  as  is  more  probable, 
the  initial  network  was  broken  up  by  diffusion  during  the  long 
sojourn  in  Region  4,  so  that  the  present  one  represents  a  new 
network  formed  in  cooling  through  the  transformation  range. 
But  in  either  case  it  is  probable  that  this  cleavage  massing  of 
ferrite  arose  in  cooling  through  the  transformation  range;  and 
we  naturally  refer  its  extraordinary  prominence  to  the  length 
and  height  of  the  sojourn  above  that  range,  in  Region  4. 

After  this  concentration  has  thus  been  made  clear  to  us,  we 
readily  interpret  the  parallel  off-shootings  of  the  ferrite  tendrils, 
for  instance  in  my  Figs.  E  of  Rows  5  and  6,  Plate  III,  as  a 
result  of  this  same  local  concentration;  and  then  in  turn  we  refer 
to  this  same  cause  the  Widmanstattian  figuring  for  instance 
of  my  Figs.  E  and  F  of  Row  4,  Plate  II,  and  Morse's  Fig.  27. 
Osmond,  Morse,  and  Fay  and  Badlam  called  attention  to  the 
parallel  banding  of  the  ferrite  in  relatively  low-carbon  steel 
which  had  been  highly  heated.  The  ferrite  in  Osmond's  0.14- 
per  cent,  carbon  steel  tended  "to  lengthen  into  groups  of 
juxtaposed  bands"  when  heated  to  above  1000°  and  cooled 
slowly.*  His  micrographs  show  this  parallel  banding  strikingly 
on  slow  cooling  from  1330°,  but  not  markedly  on  slow  cooling 
from  1015°. 

Morse'sf  0.343-per  cent,  carbon  steel  had  banded  ferrite 
after  holding  half  an  hour  at  900°,  and  this  banding  increased 
progressively  with  the  temperature  and  length  of  exposure. 
The  ferrite  in  Fay  and  Badlam 's|  0.07-per  cent,  carbon  steel 
was  already  changing  to  the  banded  tv^e  at  1075°,  ^^^  with 
further  rise  of  temperature  the  banding  became  much  stronger. 

Like  cleavage  massing  of  the  cementite  of  hyper-eutectoid 
steel  is  seen  in  Figs.  E  of  Row  i,  and  C  of  Row  2,  Plate  II;  and 
much  more  strikingly  in  Osmond's  micrograph§  of  blister  steel 
cooled  in  the  air  direct  from  the  cementation  furnace.     Here 


*  Bulletin  Sociite  d' Encouragement,  May.  1895.  p.  26,  Figs.  159  and  160  of  reprint;  Etudes 
des  Alliages,  p.  305,  Figs.  18  and  19;  Microscopic  Analysis  of  Metals,  p.  117,  and  Figs.  58  and  59. 
t  Transactions ,  American  Institute  of  Mining  Engineers,  Vol.  29,  1899,  pp  739,  746,  747. 
i  Technology  Quarterly,  Vol.  13,  1900,  p.  312. 
§  Microscopic  Analysis  of  Metals,  Fig.  86,  p.  149;  Etudes  des  Alliages,  Fig.  46,  p.  317. 
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the  very  long  heating  of  the  cementation  process  seems  to  have 
caused  a  very  strongly  marked  cleavage  massing  of  the  cementite. 

The  cleavage  massing  of  the  ferrite  in  very  highly  heated 
specimens  is  so  striking  •  that  it  might  easily  suggest  that  it 
represented  heating  to  Ball's  point,  estimated  at  about  1300°. 
But  Morse's  micrographs  *  show  that  a  structure  substantially 
like  this  arises  after  a  sufficiently  long  heating  at  900°,  and  my 
Fig.  22,  Plate  I,  shows  that  heating  to  1000°  may  cause  it. 
Indeed  we  question  whether  Ball's  point  is  not  a  misnomer,  and 
whether  it  is  not  rather  Ball's  effect  that  ought  to  be  spoken  of, 
an  effect  reached  quickly  at  1300°  and  more  slowly  at  lower  tem- 
peratures. This  effect  is  a  sudden  dropping  of  the  tensile  strength 
of  quenched  low-carbon  steel  when  the  quenching  temperature 
rises  past  a  point  estimated  at  about  1300°.! 

66.  Proposition  ij.  The  network  structure  is  made  more 
persistent  by  long  high  heating  in  Region  4. — This  proposition  is 
in  accordance  with  Item  5  of  Principle  10,  Paragraph  28,  page 
297.     Four  facts  are  offered  in  support  of  it. 

(i)  Ilypo-Eutcctoid  Steel. — In  my  own  micrographs  high 
heating  invariably  has  this  effect.  The  opportunity  offered 
by  furnace-cooling  for  the  break-up  of  the  network  structure 
sufficed  to  remove  all  clear  trace  of  that  structure  in  the  micro- 
graphs of  Rows  3  and  4,  Plate  II,  when  the  heating  was  to  any 
temi^erature  below  1200°.  But  when  the  temperature  rose  to 
1200°  or  1300°  and  was  held  there  for  i  or  2  hours  (Figs.  E  and 
F  of  Row  4)  the  ferrite  network  successfully  resisted  the  tendency 
to  break  up  in  the  succeeding  furnace  cooling,  and  it  stands  forth 
prominently.  Further,  with  a  shorter  stay  at  1200°  (10  minutes, 
Fig.  E  of  Row  3)  the  network  has  such  an  intermediate  degree 
of  persistency  as  corresponds  roughly  with  this  intermediate 
strength  of  the  fixing  conditions,  for  though  it  is  much  less 
marked  than  in  the  higher  or  longer  heated  E  and  F  of  Row  4, 
yet,  as  I  have  sketched  in  broken  lines,  traces  of  it  j)ersist  such 
as  cannot  be  detected  with  like  confidence  in  the  lower-healed 
specimens  of  this  steel.  Looking  through  a  large  number  of  my 
own  micrographs,  I  find  this  proposition  always  complied  with, 
though  it  was  unsuspected  when  they  were  made. 

*  Tfan%a*ti<mt,  Am0rUan  IntlUult  of  Mining  Entintm,  Vol.  ao,  iROO.  PP-  7J9.  746.  747. 
t  Jvmrwtt,  horn  and  Sittt  Jnililul*,  Vol.  1 .  iKvo,  p.  HH,  anU  PUU  VI. 
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(2)  The  observation  bf  Sauveur  and  Boynton,  cited  under 
Proposition  11,  Paragraph  64,  page  359,  that  steel  of  0.52  per 
cent,  carbon  when  air-cooled  from  temperatures  exceeding 
1000°  always  has  the  network  structure,  supports  the  present 
proposition. 

(3)  In  a  general  way  the  persistence  of  the  network  set  up 
during  solidification,  familiar  to  us  all  in  the  steel  castings,  tends 
to  support  this  proposition.  This  structure  is  in  a  general  way 
like  that  which  arises  in  cooling  through  the  transformation  range. 
While  it  is  true  that  the  long  or  high  heating  needed  for  breaking  it 
up  in  the  anneahng  of  steel  castings*  has  been  shown  by  Professor 
WilUam  Campbell  to  be  due  to  the  presence  of  foreign  matter,! 
such  as  manganese  sulphide,  in  the  absence  of  which  a  heating 
to  just  above  Ac3  suffices;  yet  the  persistence  of  the  network 
in  such  a  case  as  that  of  Belaiew's  casting,  whether  the  network 
there  is  of  solidification  or  of  transformation,  tends  to  support 
the  present  law.|  The  cooUng  of  this  casting  from  the  top  of 
the  transformation  range  (AC3)  to  500°  lasted  about  18  hours, 
and  so  gave  abundant  opportunity  for  the  break-up  of  the  net- 
work; nevertheless  that  structure  remained  extremely  prominent. 
The  force  of  this  illustration  is  weakened  by  our  ignorance  as  to 
whether  this  particular  casting  had  or  lacked  manganese  sul- 
phide and  its  equivalents. 

(4)  Ilyper-Eutectoid  Steel. — This  proposition  is  strongly  sup- 
ported by  the  contrast  between  the  persistence  of  the  cementite 
network  during  Professor  Arnold's  extremely  slow  cooling 
of  bUster  steel  referred  to  under  Proposition  10,  Paragraph  63, 
page  357,  with  its  breaking  ranks  and  balling  up  in  the  reheating 
of  Professor  Campbell's  h>per-eutectoid  steels,  described  under 
Proposition  11,  Paragraph  64,  page  358.  Briefly,  Professor 
Arnold's  hyper-eutectoid  blister  steels,  even  after  the  8  to  11 
days'  heating  followed  by  the  14  days'  cooling  of  the  cementa- 
tion process,  still  preserved  their  cementite  network  to  a  greater 
or  less  degree;  whereas  the  initial  cementite  network  in  Profes- 
sor Campbell's  steels,  evidently  formed  in  cooling  from  the 
relatively  low  temperature  at  which  the  rolUng  ceased,  broke 


*  Howe,  Campbell,  and  Koken,  Proceedings,  Vol.  VIII,  1908,  pp.  185-189. 

t  Proceedings,  Vol.  IX,  1909,  p.  370. 

t  Revue  de  Metallurgie,  Memoires,  Vol.  7,  1910,  pp.  510-521. 
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down  sometimes  completely,  sometimes  partly,  on  re-heating 
to  650°. 

Between  these  unstable  networks  of  his,  formed  presumably 
at  a  relatively  low  temperature,  and  the  stability  of  my  cementite 
network  formed  after  heating  to  1300°,  there  is  a  like  contrast. 
The  network  shown  in  Fig.  F  of  Row  2,  Plate  II,  formed  in 
furnace  cooling  after  i  hour  at  1300°,  showed  no  sign  of  breaking 
up  on  reheating  to  650°  for  6  hours,  and  at  most  a  first  begin- 
ning of  a  break-up  after  a  further  holding  at  about  700°  for 
nearly  6  hours. 

The  opportunit}'  for  thus  breaking  ranks  was  much  longer 
and  apparently  much  better  in  Professor  Arnold's  case  than  in 
Professor  Campbell's  if  we  consider  the  total  opportunity, 
through  exposures  to  temperatures  slightly  below  the  transforma- 
tion range,  where  the  austenite  crystalline  structure,  which  set 
up  the  network  during  the  cooling  through  the  critical  range, 
has  now  abdicated,  yet  the  temperature  is  still  high  enough  and 
the  metal  hence  still  mobile  enough  to  facilitate  the  break-up 
of  the  network.  Some  influence  other  than  mere  opportunity 
for  break-up  is  here  at  work.  The  difference  in  treatment, 
that  Professor  Campbell's  steels  after  slow  cooling  were  reheated 
to  below  the  transformation  range,  whereas  Professor  Arnold's 
were  not,  does  not  explain  readily  the  difference  in  behavior, 
the  f)ersistence  of  Professor  Arnold's  cementite  walls  during  his 
greatly  retarded  cooling,  and  their  break-up  in  the  reheating 
of  Professor  Campbell's  on  reheating  after  a  far  less  slow  cooling. 
So  we  naturally  refer  the  striking  persistency  of  Professor  Arnold's 
network  to  the  fixing  effect  of  the  very  long  high  heating  of  the 
cementation  prcKcss. 

Here  we  are  reminded  of  certain  micrographs  of  Goerens's, 
which  show  that  the  eutectic  structure  in  cast  iron  is  extremely 
fX-Tsistcnt.  This  eutectic  of  course  consists  of  alternate  plates 
of  austenite  and  cementite,  of  which  the  former  resolves  itself 
into  pearlite  and  pro-eutectoid  cementite  during  slow  cooling. 
Sharp  unrounded  blades  of  eutectic  cementite.  which  seini  to 
have  drawn  to  themselves  the  whole  of  the  j)ro  ciitii  toid  and 
cutcctoid  cementite,  jKTsisted  after  heating  for  12  hours  at 
680**  in  the  ca.se  of  a  white  cast  iron  of  4  per  cent,  carbon  all 
Comi>ine(l,  quenched  from  the  molten  state  in  ice  water;    and 
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well-marked  remains  of  the  eutectic  structure  persisted  after 
50  hours'  heating  at  650°  to  C8o°  in  the  case  of  a  cast  iron  of  2.10 
per  cent,  combined  carbon  and  1.50  per  cent,  graphite  which 
had  been  cooled  slowly.* 

67.  Propositions  ij  to  ig.  Influence  of  Manganese.— These 
seven  propositions  may  well  be  considered  together. 

The  presence  of  manganese; 

Proposition  ij,  retards  the  formation;  and 
Proposition  14,  retards  the  break-up  of  the  network; 

and 
Proposition  75,  increases  the  area  free  from  coagulated 
ferrite. 
It  decreases: 

Proposition  16,  the  size  of  the  ferrite  grains;  and 
Proposition  ly,  the  size  of  the  lamellae  of  pearlite;  and 
Proposition  18,  the  size  of  the  grains  of  austenite  formed 

in  Region  4;  and 
Proposition  ig,  of  the  network  based  on  them. 
The  presence  of  manganese  thus  has  a  retarding  effect,  and 
in  general  is  equivalent  to  a  lowering  of  the  temperature  reached 
in  Region  4,  or  to  a  shortening  of  the  sojourn  at  that  temperature. 
These  propositions  are  in  accord  with  Principle  24,  Para- 
graph 48,  page  322,  and  indeed  could  be  deduced  from  it.     The 
evidence  supporting  it  may  be  considered  under  these  seven 
heads,  Propositions  13  to  19. 

68.  Roberts- Austen's  Data,  covering  Propositions  15,  16,  17, 
and  18. — In  his  fifth  report  to  the  Alloys  Research  Committee, 
compare  (16)  the  striking  network,  (17)  the  small  quantity  of 
coagulated  ferrite,  and  (18)  the  small  size  of  the  ferrite  grains 
in  his  rail  steel  with  i  .009  per  cent,  of  manganese,  in  his  Fig.  14, 
with  the  corresponding  features  of  his  steel  of  like  carbon  content 
but  only  0.69  per  cent,  of  manganese,  in  his  Fig.  13.  Again, 
as  in  his  Figs.  57,  58,  63,  and  64  the  manganese  content  rises 

*  Ueber  die  Vorgdnge  bet  der  Erstarrung  und  Umwandlung  von  Eisenkohlenstofflegierungen. 
Halle  a.  S.,  1907,  Figs.  35  and  38;  Meiallurgit,  Vol.  4,  1907,  Fig^.  123  and  125;  and  Mitieil- 
ungen  aus  dem  EisenhiiUenmannischen  Instiiut,  Aachen  (Wiist),  Vol.  2,  1908,  Figs.  123  and 
126.  In  the  latter  case  the  initial  eutectic  structure  can  still  be  traced,  though  obscured 
(i)  by  the  balling  up  of  its  own  constituents,  (2)  by  the  coalescence  of  'ts  own  cementite  with 
the  free  and  the  pearlitic  cementite.  and  (3)  by  the  balling  up  of  the  pearlitic  ferrite.  The 
exact  conditions  of  the  reheating  in  this  latter  case  are  somewhat  uncertain.  See  item  6, 
p.  32,  note  to  Fig.  38,  and  first  line,  p.  40,  of  reprint. 
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from  0.50  to  0.70  and  0.90  per  cent.,  note  (16)  the  corresponding 
increase  in  the  clearness  of  the  network,  the  shrinking  (17)  of 
the  total  ferrite  area,  and  (18)  of  the  separate  ferrite  grains. 
His  Fig.  59  is  an  exception  unexplained  by  his  data.  I  do  not 
reproduce  his  figures. 

In  like  manner  compare  these  high-manganese  steels  with 
any  and  all  of  the  pure  low-manganese  ones  which  the  rest  of 
the  report  gives;  or  with  Heyn's  most  admirable  series  of  258 
micrographs,  all  of  low-manganese  and  all  but  a  few  of  ultra- 
low-manganese  carbon  steel.*  In  none  of  Heyn's  hypo-eutec- 
toid  steels  is  there  (16)  any  development  of  the  cellular  structure 
comparable  with  that  of  these  divers  rail  steels  which  I  have 
cited.  Moreover,  in  Heyn's  steels  of  about  this  carbon  content 
(17)  the  total  quantity  of  coagulated  ferrite  and  (17)  the  size  of 
the  ferrite  grains  is  much  greater  than  in  Roberts- Austen's 
high-manganese  rail  steels.  Of  course  I  except  the  network 
formed  in  unannealed  steel  castings  during  solidification,  and  the 
steels  quenched  from  within  or  above  the  transformation  range,  f 

Proposition  ig. — That  manganese  lessens  the  size  of  the 
lamellae  of  pearlite  was  reported  and  insisted  on  by  Roberts- 
Austen  as  early  as  1899.  J 

69.  The  Author's  Results  cover  Propositions  13,  14,  15,  17, 
and  19,  as  is  shown  by  a  comparison  of  the  low-manganese  steel 
in  Rows  3,  4,  and  6,  Plates  II  and  III,  with  the  high-manganese 
steel  in  Rows  11  and  12,  Plate  IV. 

Proposition  ij. — That  manganese  has  retarded  the  forma- 
tion of  the  network  is  seen  clearly  by  comparing  C  and  D  of 
Rows  5  and  6,  with  C  and  D  of  Row  12,  all  relatively  rapidly 
cooled  in  the  air.  In  the  low-manganese  specimens  the  ejection 
of  the  ferrite  has,  even  in  this  rapid  cooling,  gone  so  far  as  to 
set  up  strong  cell-walls;  whereas  in  the  high-manganese  specimens 
so  little  ferrite  has  been  massed  in  these  cell  boundaries  that  the 
cell-walls  (network)  are  still  extremely  thin. 

Proposition  14. — That  manganese  has  retarded  the  break- 
up of  the  network  is  seen  by  comparing  B,  C,  and  D  of  Row  1 1 , 

*>'  )ia  Untcriuchung  von  Binonlogierungen.      VerhandlungtH  des  Vtreins  *ur 

lUftk'l"  irrhfiti%ttt,  1004.  pp.  35S-J97. 

t  Ai  rr-K.ifii  tho  Rite  of  tho  ferHt*  uralnii  nee  Hcyn'«  Pig.  \$X,  the  tn«Bnlficalion  «>f  which 
ia  nearly  that  of  Kob«rU'AtMten'».  In  itupport  of  thcMt  oth«r  Msertiunn  »co  Hcvu'ii  FtKH.  54, 
§%.  and  1 10. 

I  FUth  fUport,  Alloy*  Reocarch  CommittM.  pp.  6t,  6a. 
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with  B  of  Row  4,  and  C  and  D  of  Row  3,  all  of  them  cooled 
slowly  in  the  furnace.  In  this  slow  cooling  the  network  of  the 
low-manganese  specimens  has  become  masked  by  the  great 
precipitation  and  coalescence  of  the  ferrite;  in  the  high-man- 
ganese ones  it  is  still  manifest,  the  slow  cooling  having  resulted 
in  the  spheroidizing  of  the  ferrite  in  the  network,  yet  without 
in  general  masking  the  network. 

But  that  even  in  this  higher-manganese  steel  the  network 
will  break  up  during  a  sufficiently  long  exposure  to  tempera- 
tures just  below  the  transformation  range  is  indicated  by  Fig. 
E  of  Row  10.  In  this  much  more  slowly  cooled  specimen, 
though  the  network  can  still  be  traced,  not  only  is  it  far  less  clear 
than  in  the  faster  cooled  B,  C,  and  D  of  Row  11,  but  much  of  the 
ferrite  has  already  taken  on  the  granular  outline  so  often  seen 
in  such  steels  when  they  have  cooled  so  slowly  as  to  lose  the 
network  altogether.  * 

Proposition  ij. — -That  manganese  has  restrained  the  for- 
mation of  coagulated  ferrite  is  seen  at  a  glance  on  comparing 
any  one  of  the  micrographs  of  the  high-manganese  steel,  Rows 
II  and  12,  with  the  corresponding  low-manganese  one  in  Rows 
3,  4,  and  6. 

Propositions  ij  and  ig. — That  manganese  has  restrained 
the  coarsening  of  the  network,  and  hence  presumably  restrained 
the  growth  of  the  grains  of  austenite  which  are  the  parents  of 
the  cells  of  that  network,  is  seen  clearly  in  Table  III  and  Fig.  6. 
This  effect  can  also  be  traced  in  the  micrographs,  by  comparing 
Row  6,  Plate  III,  with  Row  12,  Plate  IV,  though  in  some  cases 
not  so  confidently  as  in  Table  III,  because  so  much  depends  on 
the  exact  spot  photographed,  and  because  a  moderate  difference 
in  cell-size  is  not  recognized  easily  by  the  eye,  but  has  to  be 
determined  by  actual  measurement  or  counting. 

70.  In  General,  Propositions  14  and  19. — Proposition  14. 
Preservation  of  the  network  by  the  presence  of  manganese  is 
familiar  to  us  in  the  well-marked  network  common  to  rail  steels, 
with  their  large  manganese  content,  in  spite  of  their  cooling 
slowly  enough  to  favor  such  a  coalescence  of  ferrite  as  would 
in  low-manganese  steel  mask  if  not  break  up  the  network.* 

*  For  illustration  of  this  striking  cellular  structure  in  rails  see  Job,  The  Metallographisi, 
Vol.  5,  1902,  pp.  177-191;  P.  H.  Dudley,  Idem,  Vol.  6,  1903,  p.  Ili;  Sauveur,  Transactions, 
American  Institute  of  Mining  Engineers,  Vol.  22,  1893,  pp.  546-557. 
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Proposition  iq  {again). — It  is  true  that  Roberts-Austen's 
assertion  that  manganese  increases  the  grain  size  might  at  first  be 
thought  to  refer  to  network  size,  and  thus  to  contradict  Prop- 
osition 19.  But  this  contradiction  disappears  on  careful  examin- 
ation. His  cooling  was  so  slow  as  to  break  up  the  network,  that  is, 
the  walled  cells,  of  his  low-manganese  steel  by  the  precipitation  of 
ferrite  islets  within  them;  whereas  in  his  high-manganese  steels 
this  precipitation  of  ferrite  islands  is  prevented,  so  that  the  net- 
work persists  unbroken.  His  words  should  be  interpreted  to 
mean  that  the  fragments  of  the  walled  cells  in  low-manganese 
steel  are  smaller  than  the  unbroken  walled  cells  in  steel  richer  in 
manganese,  which  does  not  contradict  the  proposition  that 
manganese  lessens  the  true  network  size. 

71.  Proposition  20  {Provisional).  Slow  cooling  coarsens 
the  network  only  tlirongh  lengtJiening  the  exposure  to  the  high  range 
of  temperatures  at  which  austcnite  grain-growth  occurs ,  and  pri- 
marily to  the  temperatures  above  the  transformation  range. — In  other 
words  the  network-coarsening  effect  of  slow  cooling  is  due  not 
to  the  fact  that  it  consists  of  a  slow  descent  as  such  of  tempera- 
ture, but  that  it  involves  a  collectively  long  exposure  to  a  series 
of  temperatures  high  enough  to  favor  austenite  grain  growth. 
Thus,  if  a  slow  heating  through  Region  4,  above  the  transforma- 
tion range  were  so  arranged  as  to  occupy  in  rising  through 
the  several  differentials  of  temperature  exactly  the  same  length 
of  time  that  is  occupied  by  a  slow  cooling,  that  heating  and  that 
cooling  should  have  the  same  effect  on  the  austenite  grain  size. 
Hence,  after  a  long  exposure  to  a  high  temperature  above  the 
transformation  range,  the  walled-cell  size  or  network  size  is 
affected  relatively  little  by  a  change  from  a  moderately  slow 
to  a  rapid  cooling,  because  here  the  lessening  of  the  oi)portunity 
for  coalescence  is  so  small  a  fraction  of  the  total  opportunity. 

This  proposition  follows  from  Principle  22,  Paragraph  46, 
page  320.  Jt  may  be  diflicult  to  verify  it  in  the  case  of  very 
slow  coolings,  because  they  obscure  the  network. 

My  data  in  Table  HI,  page  344,  agree  fairly  with  this  propo- 
sition. Thu.s,  in  the  case  of  lo-minute  heatings,  the  substitution 
of  a  furnace-cooling  for  an  air-cooling  increases  the  opportunity 
for  coalescence  in  so  large  a  proportion  that  it  ought  to  coarsen 
the  network  materially.     Accordingly  in  Table  HI  we  find  that 
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the  walled-cell  size  of  the  furnace-cooled  Specimen  84  heated 
10  minutes  at  1000  is  60  per  cent,  greater  than  that  of  the  like 
but  air-cooled  Specimen  85.  In  conformity  with  the  proposi- 
tion, in  the  case  of  6-hour  heatings  the  substitution  of  a  furnace- 
for  an  air-cooling  does  not  increase  the  opportunity  for  coales- 
cence in  anything  like  so  great  a  proportion;  and  accordingly 
this  substitution  in  the  case  of  B  of  Rows  11  and  12  (Specimens 
92  and  104,  Table  III,  heated  at  900°  for  6  hours),  increases  the 
walled-cell  size  by  only  20  per  cent. 

Thus  the  experimental  basis  for  the  proposition  is  encourag- 
ing, though  hardly  sufficient. 

72.  Proposition  21.  {Provisional).  Slow  cooling  through 
and  below  the  transformation  range  coarsens  the  ferrite  grains,  and 
after  a  brief  high  heating  slow  cooling  above  that  range  also 
coarsens  those  grains. — This  is  in  accord  with  Principle  23, 
Paragraph  47,  page  321. 

Heyn's  results  support  this  proposition.  On  heating  a  series 
of  like  pieces  of  boiler-plate  steel  containing  0.03  to  0.04  per  cent, 
of  carbon  and  0.27  to  0.28  per  cent,  of  manganese  at  the  same 
rate  to  1100°,  and  coohng  them  thence  at  very  different  rates, 
he  found  that  the  ferrite  grain  size  increased  continuously  and 
very  greatly  with  the  slowness  of  cooling.*  Of  course  this  goes 
to  prove  only  that  slow  cooling  increases  the  ferrite  grain  size, 
but  it  neither  supports  nor  opposes  the  limitations  of  that  coarsen- 
ing which  Proposition  21  postulates. 

The  familiar  greater  coarseness  of  ingots  and  other  castings 
cooled  slowly  from  a  state  of  fusion  than  of  those  cooled  rapidly 
is  to  be  referred  chiefly  to  slowness  of  solidification,  and  only 
secondarily  to  slowness  of  cooling  from  the  freezing  point  down. 
For  instance,  of  two  like  castings,  cast  in  a  baked  sand  mold, 
of  which  one  is  removed  from  the  mold  at  the  instant  solidifica- 
tion is  complete  and  quenched  in  water,  while  the  other  is  allowed 
to  cool  very  slowly  in  the  mold,  though  the  original  columnar 
structure  is  likely  to  perist  in  both,  in  the  slowly  cooling  one  it  is 
probable  that  coalescence  of  the  austenite  grains  will  further 
somewhat  exaggerate  the  coarse  grain. 

Brinell  asserted  that  steel  of  0.52  per  cent,  carbon  has  a 


*  Journal,  Iron  and  Steel  Institute,  Vol.  2,  1902,  p.  105. 
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porceleinic  fracture  (F)  when  poured  into  water,  but  a  coarse 
hackly  one  (A)  when  cooled  slowly  from  the  melting  point.* 
Professor  Sauveur  too  has  shown  that  the  network  is  much 
smaller  in  a  fast-solidifying  small  ingot  than  in  a  slowly  solidify- 
ing large  one.f 

73.  Proposition  22.  {Provisional)  The  rapidity  of  ferrite 
grain  growth  below  A2  in  Regions  7  and  8 A ,  increases  in  low-carbon 
steel  as  the  carbon  content  decreases. — This  is  in  accord  with 
Principle  2,  Paragraph  16,  page  281.  The  greater  the  carbon 
content,  the  greater  will  be  the  quantity  of  pearlite,  while  the 
steel  is  in  Regions  7  and  8A.  This  pearlite  must  needs  act  as  a 
foreign  body  to  prevent  contact  coalescence  of  the  ferrite 
grains. 

This  more  rapid  grain  growth  of  very-low  than  of  higher- 
carbon  steel  in  Regions  7  and  8A,  is  in  marked  contrast  with 
the  extremely  slow  grain  growth  of  very-low-carbon  steel  in 
Region  4.  (See  Principle  5,  Paragraph  21,  page  289,  and  Propo- 
sition 5,  Paragraph  53,  page  337.) 

In  support  of  this  proposition  the  following  evidence  may 
be  cited: 

Stead  noticed,  in  his  exp>eriments  on  the  grain  growth  of 
very-low-carbon  steel  at  from  650°  to  750°,  which  includes  the 
temperature  of  rapid  grain  growth  of  alpha  iron,  "  that  the  coarse 
granulation  commenced  to  form  at  the  surface  of  the  bars,  and 
in  many  of  the  results  given  it  did  not  penetrate  very  far  into 
the  interior."!  This  material  had  been  dccarbufized  by  long 
heating  in  iron  oxide;  and  it  is  a  natural  inference  that  the  outside 
was  more  thoroughly  decarburized  than  the  interior:  hence 
the  greater  grain  growth  at  the  outside  than  within. 

Heyn  also  noticed,  on  cooling  boiler-plate  steel  at  varying 
rates  from  1100°,  that  the  surface  zone  was  very  much  coarser 
grained  than  the  interior.  The  carbon  content  of  the  surface 
zone  was  0.03  per  cent.;  that  of  the  core  zone  0.04  per  cent.§ 
These  numbers  seem  to  refer  to  the  initial  comj)osition  of  the  steel. 
If  so,  and  if  as  appears  surface  decarburization  was  not  prc- 

•  Slakl  mnd  RU*n,  Vol.  s.  iH8s.  V-  6iu. 

t  TrantattUms,  A  mfritan  Inititutt  of  Minim  Rntin«tr$,  Vol.  aa,  1S03.  p.  54S. 

{  Jamrmai,  Iron  and  Slirt  tnillluU,  Vol.  i,  1808,  p.  t6x. 

I  liUm,  VoL  a,  l(>oj,  |iii.  80,  105. 
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vented  in  his  experiments,  then  at  the  end  of  these  experiments 
there  should  have  been  a  still  greater  difference  in  carbon  content 
between  outside  and  inside. 

The  greater  coarseness  of  the  outside  than  of  the  inside  in 
Stead's  and  Heyn's  results  is  not  strong  evidence,  because  it 
may  be  due  to  some  other  cause.  Indeed,  Metcalf  pointed  out 
in  1887  that  large  bars  when  quenched  from  a  very  high  tem- 
perature were  much  coarser  outside  than  inside,*  and  Ewing  and 
Rosenhain  noticed  that  in  many  cases  "the  largest  and  most 
rapidly  growing  crystals  were  formed  at  or  near  the  edges  of  the 
specimen"  of  rolled  sheet  lead.f 

Heyn  further  noticed  a  continuous  increase  in  the  ferrite 
grain  size  as  the  carbon  content  fell  from  0.51  to  o.ii  per  cent, 
in  a  series  of  six  steels  examined  in  their  rolled  state.  This 
increase  was  extremely  rapid  as  the  carbon  content  fell  from  0.14 
to  O.II  per  cent. J  In  this  case  also  the  ferrite  grain  size  was 
on  an  average  somewhat  greater  in  the  outside  than  in  the  middle 
of  the  bars,  in  spite  of  the  fact  that  the  effect  of  superficial 
decarburization  is  here  strongly  opposed  by  the  more  rapid 
cooling  of  the  outside  than  of  the  inside,  which  by  itself  would 
tend  to  restrict  the  grain  growth  of  the  outside.  Ewing  and 
Rosenhain  noticed  that  the  ferrite  grains  were  smaller  in  higher 
than  in  lower  c?rbon  steel. § 

Th's  proposition  is  in  general  accord  with  the  familiar 
observat"on  that  the  fracture  of  steel  in  its  usual  marketable 
state  is  the  coarser  the  less  carbon  it  contains,  at  least  from 
0.90  per  cent.  down. 

No  one  of  these  observations  is  conclusive  in  itself.  But  in 
view  of  the  antecedent  probability  of  the  proposition,  their 
agreement  is  such  as  to  justify  adopting  it  provisionally. 

74.  Proposition  2j.  The  rapid  coarsefiing  of  very-low- 
carbon  steel  occurs  in  Region  7  and  the  upper  part  of  Region 
8  {say  6jo°  to  750°);  that  of  higher-carbon  steel  in  the  tipper 
part  of  Region  4. — But  for  all  steels  grain  refining  occurs  at 
or  very  slightly  above,  the  AC3  corresponding  to  their  carbon 

*  The  Author,  The  Metallurgy  of  Steel,  p.  176. 
t"  The  Metallographist,"  Vol.  s,  1902,  p.  93. 

t  Mikroskopische  Untersuchung  von  Eisenlegierungen.     Verhandlungen  des  Vereins  zur 
BelOrderung  des  Gewerhjleisses,  1904,  p.  369. 

S  The  Metallogiaphist,  Vol.  3,  1900,  p.  127. 
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content,  whatever  that  content  may  be.  (Principle  20,  Para- 
graph 43,  page  317.) 

This  proposition  is  a  brief  recapitulation  of  parts  of  Propo- 
sitions I,  3,  4,  and  5,  Paragraphs  49,  51,  52,  and  53,  pages  324, 
328,  333,  and  337. 
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SUMMARY. 

After  an  introduction  for  the  inexpert  (page  262)  I  propose, 
in  Part  II,  24  principles  underlying  certain  structural  changes. 
I  distinguish  between  the  grains  of  ferrite,  cementite,  austenitc, 
or  pearlite  on  one  hand  and  the  walled  cells,  each  with  a  ferrite 
or  cementite  wall  and  a  kernel  of  austenite,  martensitc,  or 
pearlite  on  the  other  hand  (page  273).  An  assemblage  of  such 
cells  forms  the  network  structure.  Each  kernel  represents 
an  austenite  grain,  and  the  walls  represent  the  ferrite  or 
cementite  ejected  by  that  kernel  in  cooling  through  the  trans- 
formation range.  I  do  not  consider  the  like  structure  which 
forms  during  solidification  (page  275). 

Grain  growth  occurs  by  the  union  of  neighboring  grains, 
rather  than  by  partitioning.  The  coalescence  may  be  by  contact 
(perhaps  necessarily  electrolytic),  or  migratory,  of  which  the 
former  should  be  the  more  raj)i(l.  The  hitler  does  not  imj^ly 
the  direct  union  of  grains  initially  wholly  insulated  from  each 
other  (page  277). 

The  rate  of  grain  growth  should  in  general  increase  with 
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the  temperature,  but  in  the  transformation  range  itself  such 
acceleration  of  the  grain  growth  of  ferrite  should  be  checked  as 
the  temperature  rises  by  the  increasing  quantity  of  impeding 
austenite,  and  that  of  austenite  should  be  further  accelerated  by 
the  progressive  decrease  in  the  quantity  of  impeding  ferrite  or 
cementite  (page  287). 

I  consider  seven  effects  of  high  and  long  heating  in  addition 
to  grain  growth,  and  suggest  as  a  working  hypothesis  that  they 
are  due  to  the  strengthening  of  the  crystalline  organization 
of  the  austenite  (page  297). 

The  development  of  a  network  (cell-walls)  is  not  instan- 
taneous. The  network  structure  represents  an  intermediate 
stage  in  structural  development,  when  the  ferrite  or  cementite 
ejected  into  the  grain  boundaries  of  the  austenite  in  cooling 
through  the  transformation  range  has  had  time  to  coalesce 
into  visible  masses,  but  before  the  walls  thus  formed  have 
had  time  to  break  up  by  spheroidizing  or  granulating. 

The  Widmanstattian  figuring,  or  massing  of  the  ferrite  in 
the  cleavages  of  the  austenite,  arises  in  like  manner  in  cooling 
through  the  transformation  range,  and  like  the  network  structure 
it  probably  represents  an  intermediate  stage  in  structural  develop- 
ment (page  310). 

Grain  refining  of  steel  containing  any  important  proportion 
of  carbon  implies  a  nearly  complete  effacement  of  the  network 
structure  by  diffusion,  which  cannot  be  instantaneous.  The 
restrained  annealing  which  follows  grain  refining  may  be  called 
fine-grain  annealing  (pages  317,  319). 

The  reason  why  slow  cooling  coarsens  the  network  is  that 
it  increases  the  total  opportunity  for  austenite  grain  growth 
above,  and  in  the  upper  part  of  the  transformation  range;  hence 
if  there  has  been  a  long  high  holding  this  coarsening  effect  of 
slow  cooling  should  be  slight,  because  the  slow  cooling  increases 
the  total  opportunity  for  austenite  coalescence  in  but  small 
proportion  (page  320). 

The  reasons  why  slow  cooling  may  coarsen  the  ferrite  grains 
are  (a)  that  after  a  very  short  holding  at  high  temperature  it 
increases  in  large  proportion  the  opportunity  for  perfecting 
the  austenite  crystalline  structure,  and  through  this  the  massing 
of  the  ferrite  in   cooling   through   the   transformation   range; 
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and  (b)  that  it  is  only  in  the  slow  cooling  through  the  lower  part 
of  that  range  and  below  it  that  fcrrite  exists  and  can  coalesce 
(page  321). 

In  the  case  of  very-low-carbon  steel,  the  ferrite  grains  of 
which  seem  to  inherit  directly  the  grain  size  of  the  austenite,  slow 
cooling  above  the  transformation  range  after  a  brief  high  heating 
lengthens  considerably  the  opportunity  for  austenite  grain 
growth  as  explained  above;  and  slow  cooling  through  and  below 
that  range  further  increases  the  direct  opportunity  for  the  ferrite 
grain  growth  (page  321). 

The  effect  of  manganese  I  refer  primarily  to  its  sluggardizing 
action  (page  322). 

In  Part  III,  I  enunciate  23  propositions  touching  the  struc- 
tural changes. 

(i)  Low-carbon  steel  coarsens  progressively  and  without 
limit  between  600°  and  770°  C.     (Stead.) 

(2)  (Provisional).  Between  A 2  and  A3,  about  770°  and  895° 
C,  very-low-carbon  steel  if  initially  fine  grained  coarsens  slowly ; 
if  initially  coarse  grained  it  refines  slowly,  to  coarsen  again. 

(3)  The  grain  rcllning  of  low-carbon  steel  occurs  promptly 
at  or  shortly  above  Ac3 ;  but 

(4)  That  of  higher-carbon  steel  also  occurs  at  or  shortly 
above  AC3,  but  is  much  slower,  unless  the  carbon-content  is  close 
to  that  of  the  eutectoid. 

(5)  Prolonged  holding  at  any  temperature  above  the 
transformation  range  coarsens  both  ferrite  grains  and  network 
structure,  the  coarsening  increasing  with  the  temperature,  and 
at  least  in  h>T)er-eutectoid  steel,  with  time.  The  network 
coarsening  of  medium-carbon  steel  is  less  regular  and,  after 
long  heating  as  distinguished  from  high  heating,  it  seems  to  be 
masked  by  the  cleavage  massings. 

(6)  (Provisional).  The  rate  of  network  coarsening  increases 
with  the  carbon  content. 

(7)  The  proportion  of  coagulated  tciriti'  iiurc>asis  with  the 
hIowhcss  of  c(H)ling.     (Boynlon.) 

(8)  Long  high  heating  retards  the  coagulation  of  sorbite 
intopearlitc.     (Boynton.) 

(9)  The  network  is  most  marked  after  cooling  at  an  inter- 
mediate rate. 
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(10)  That  intermediate  rate  is  more  rapid  for  hypo-  than 
for  hyper-eutectoid  steel. 

(11)  (Provisional).  The  network  structure  arises  only  in 
solidification,  or  within  the  transformation  range. 

(12)  The  parallel  banding  of  ferrite  is  favored  by  long  and 
high  heating. 

(13)  The  network  structure  is  made  more  persistent  by 
long  and  high  heating. 

(13)  to  (19)  The  presence  of  manganese  retards  the  forma- 
tion and  the  break-up  of  the  network;  increases  the  areas  free 
from  coagulated  ferrite;  and  decreases  the  size  (a)  of  the  ferrite 
grains,  (b)  of  the  lamellae  of  pearlite,  and  (c)  of  the  austenite 
grains  formed  in  Region  4;  and  the  coarseness  of  the  network. 

(20)  (Provisional).  Slow  cooling  coarsens  the  network 
only  in  the  ratio  in  which  it  increases  the  exposure  to  temperatures 
above  and  in  the  upper  part  of  the  transformation  range. 

(21)  (Provisional).  Slow  cooling  increases  the  ferrite  grain 
size  directly,  and  may  increase  it  indirectly. 

(22)  (Provisional).  The  rapidity  of  ferrite  grain  growth 
is  inversely  as  the  carbon  content. 

(23)  The  rapid  coarsening  of  low-carbon  steel  occurs 
between  650°  and  750°  C;  that  of  higher-carbon  steel,  in  the 
upper  part  of  Region  4  above  the  transformation  range. 


Postscript.  Nov.  23,  191 1. — Since  writing  the  above  I 
have  read  a  thoughtful,  interesting,  and  very  suggestive  article 
on  this  general  subject  by  M.  Ziegler.*  Agreeing  with  him  in 
a  general  way,  I  question  some  of  his  contentions. 

In  his  view  the  hfe  history  of  the  structure  of  steel  is  domi- 
nated chiefly  by  manganese  sulphide  (page  667),  though  slag, 
iron  oxide,  and  like  foreign  bodies  cooperate.  He  groups  all 
these  as  "slag."  Between  the  melting  point  and  a  temperature  B 
slightly  above  Ar3,  the  austenite  is  amorphous,  but  in  cooling 
it  crystallizes  at  B  into  grains,  which  eject  to  their  boundaries 
most  of  the  slag.  The  ferrite  or  cementite  born  in  cooling  through 
the  transformation  range  precipitates  on  these  slag  envelopes; 

*  Revue  de  Metallurgte.  Memoires,  Vol.  8,  igii,  pp.  655-672. 
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hence  the  ferrite  or  cementite  network.  A  given  mass  of  steel, 
taken  as  a  whole,  consists  of  metallic  grains  enclosed  in  slag 
envelopes,  more  or  less  discontinuous  (page  663).  High  heating, 
in  that  it  coarsens  the  austenite  grains,  thickens  the  slag  envelopes 
and  thus  weakens  the  steel  (page  663).  Overstrain  acts  through 
breaking  up  these  envelopes,  and  annealing  effaces  the  effects 
of  overstrain  by  re-dissolving  these  broken  envelopes,  and  weld- 
ing up  the  fissures  (page  664).  The  inequiaxing  of  rolled  steel 
is  due  to  rolling  below  the  temperature  at  which  the  slag  envelopes 
form  (page  666),  and  re-equiaxing  is  brought  about  by  reheating 
above  this  temperature,  which  I  take  it  must  be  at  least  as  high 
as  An  because  below  that  austenite  does  not  exist  and  cannot 
generate  slag  envelopes.  As  far  as  this  last  comma  I  give  strictly 
what  I  understand  to  be  M.  Ziegler's  own  opinions  and  reasons. 
He  seems  to  me  to  overwork  an  undoubted  contributory 
cause,  to  which  I  have  referred  in  Paragraph  42.  I  will  now  give 
my  reasons  for  holding  that  this  cause  is  not  competent  to  explain 
unaided  the  phenomena  which  he  refers  to  it. 

1.  I  cannot  question  that  slag,  using  this  word  generically  as 
M.  Ziegler  does,  is  rejected  by  the  austenite  grains;  but  I  see  no 
reason  for  his  contention  that  this  austenite  is  amorphous  from  the 
freezing  range  down  nearly  to  Ar3.  Indeed,  this  contention 
raises  a  needless  difficulty  in  the  way  of  his  theory.  To  fix  our 
ideas  let  us  take  his  p>oint  B  as  1000°;  any  other  temperature 
compatible  with  his  putting  it  but  moderately  above  Ar3  would 
do  equally  well  for  my  present  purpose.  If  the  austenite  is 
amorphous  above  ioc»°,  then  we  have  no  explanation  of  the 
progressive  further  coarsening,  both  of  the  fracture  and  of  the 
ferrite  and  cementite  network,  caused  by  heating  to  still  higher 
temperatures,  and  continuing  with  the  temperature  reached 
certainly  to  1300°  and  extremely  probably  up  to  the  soiidus. 

2.  That  slag  is  necessary  to  the  network  coarsening  and 
other  effects  of  high  heating  seems  a  needless  assumption;  for 
if  the  austenite  grains  are  able  to  expel  the  slag  to  their  borders, 
they  should  for  the  very  same  reason  expel  to  those  borders  the 
ferrite  which  they  generate  in  cooling  through  the  transformation 
range.  The  median  position  of  layers  of  slag  within  the  middle 
of  the  ferrite  network  is  no  evidence  that  the  slag  network  is 
Dccct»sary  to  this  formation  of  the  ferrite  network;  its  median 
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position  is  perfectly  accounted  for  by  its  being  ejected  into  the 
austenite  grain  boundaries  before  the  ferrite,  that  is  during  the 
sojourn  above  the  transformation  range.  The  presence  of  a 
slag  envelope  outside  a  given  grain  of  austenite  may  assist 
the  particles  of  ferrite  born  within  that  grain  to  move  to  its 
outside,  as  indicated  in  Paragraph  42,  but  that  it  should  be  neces- 
sary to  that  movement  seems  not  only  in  the  highest  degree 
improbable  but  further  wholly  incompatible  with  the  fact  that 
the  network  formation  goes  on  in  steels  very  nearly  free  from 
slag,  and  for  all  we  now  know  quite  as  rapidly  and  fully  as  in 
those  which  have  much  slag.  The  high-grade  steels  on  which 
my  present  experiments  were  made  probably  had  no  large 
quantity  of  slag  in  view  of  their  very  low  content  of  silicon  and 
sulphur.  Moreover,  on  the  theory  that  a  slag  network  is  neces- 
sary to  the  formation  of  a  ferrite  network,  unless  that  slag  net- 
work were  nearly  continuous  the  ferrite  network  which  it  is 
alleged  to  cause  also  would  be  discontinuous,  whereas  even  when 
that  network  is  extremely  thin  it  is  habitually  continuous  or 
very  nearly  so.  But  the  slag  network  must  be  very  far  from 
continuous,  because  if  it  were  continuous  then  the  strength  of  the 
mass  as  a  whole  would  be  simply  the  strength  of  slag,  which 
would  evidently  form  in  that  case  the  weak  link  in  the  chain. 
The  strength  of  steel  is  so  incomparably  greater  than  that  of  any 
conceivable  form  of  slag,  that  whatever  slag  envelopes  exist 
must  be  very  far  from  continuous.  Because  of  this  extreme  dis- 
continuity they  are  incompetent  to  be  the  sole  cause  of  the  con- 
tinuous ferrite  envelopes.  Moreover,  if,  as  he  seems  to  hold, 
in  steel  with  a  not  unusually  high  quantity  of  slag  the  slag 
envelopes  have  some  approach  to  continuity,  then  any  decrease 
in  the  quantity  of  slag  ought  to  strengthen  the  mass  as  a  whole 
enormously;  but  no  such  enormous  strengthening  is  caused  by 
decreasing  the  quantity  of  slag  present,  in  current  manufacture. 
Nevertheless,  though  I  question  the  formative  effect  of 
slag,  I  do  not  question  its  impeding  effect.  Not  only  do  I  believe 
that  the  network  of  ferrite  or  cementite  can  form  without  any 
aid  whatsoever  from  slag,  but  I  question  whether  slag  has  an 
important  effect  in  aiding  the  birth  of  that  network.  But  I 
recognize  its  effect  in  impeding  the  break-up  of  that  network, 
as  indicated  in  Principle  19,  Paragraph  42,  page  313,  and  M. 
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Ziegler's  welcome  paper  suggests  to  me  that  in  this  impeding 
action  we  have  the  strongest  ostensible  cause  of  most  of  the  seven 
eflFects  of  high  heating,  apart  from  grain  coarsening,  which,  in 
Principle  lo,  Paragraphs  29  to  32,  pages  298-304,  I  referred  to 
strengthening  of  the  crystalline  organization.  Even  the  promi- 
nence of  the  Widmansttatian  figuring  may  be  looked  at  as  its 
persistence  because  of  the  sluggishness  of  its  particles  in  break- 
ing ranks  and  balhng  up.  This  sluggishness  I  referred  to  per- 
fecting of  the  crystalline  organization;  but  we  may  go  farther 
and  select  one  feature  of  that  perfecting,  its  localizing  the  slag 
inclusions  in  the  network  and  cleavages,  as  the  dominant  one. 
For  the  very  rigidity  and  inertness  of  that  slag,  the  feebleness 
of  its  tendency  to  break  ranks  and  ball  up,  as  compared  with 
the  corresponding  tendency  in  the  mobile  ferrite,  explain  this 
sluggishness  which  underlies  these  seven  effects.  For  instance 
the  ferrite  in  the  network  and  cleavage  massings,  if  left  to  itself, 
would  quickly  ball  up  through  its  surface  tension.  The  persis- 
tence of  network  and  cleavage  massings  in  long  and  highly 
heated  steel  explains  itself  as  the  result  of  the  adhesion  of  the 
ferrite  to  the  small  and  usually  most  discontinuous  slag  particles 
concentrated  in  the  network  and  cleavages  during  the  Ipng 
high  heating.  In  a  word,  I  look  at  slag  not  as  a  necessary  or 
even  as  a  strong  provocative  of  local  concentrations,  but  as  an 
impediment  to  their  break  up,  not  as  a  cause  of  their  birth  but 
as  a  prolonger  of  their  life. 

3.  That  the  mechanism  of  overstrain  is  something  much 
more  than  the  rupture  of  slag  envelopes  Ewing  and  Rosenhain 
have  shown  beyond  a  perad venture. 

4.  That  the  recovery  from  overstrain  is  not  primarily 
due  to  the  mending  of  broken  slag  envelopes,  which  according 
to  M.  Ziegler  occurs  only  above  Ai,  is  shown  positively  by  the 
great  recovery  below  Ai. 

To  explain  the  recovery  as  he  does  by  referring  it  to  the 
rc-dissolving  of  the  ])rokcn  envelopes  by  the  reheating,  is  unsafe, 
Ix-'causc  such  re-dis.solving  should  occur  only  at  a  temperature 
much  higher  than  the  relatively  low  one  needed  to  remove 
overstrain.  Indeed,  were  we  to  adopt  his  idea  (page  667)  that 
most  of  the  manganese  sulphide  separates  bodily  from  the 
molten  mass  Ixjfore  solidification,  that  would  certainly  suggest 
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that  the  metal  in  soHdifying  was  already  saturated  with  man- 
ganese sulphide,  so  that  envelopes  of  that  sulphide  broken  by 
overstrain  could  not  be  fully  re-dissolved  except  by  heating 
close  to  the  melting  point.  As  for  true  slag,  that  is,  silicates, 
phosphates,  etc.,  that  of  course  cannot  re-dissolve  at  all. 

That  inequiaxing  and  re-equiaxing  do  not  represent  rolling 
below  An  and  reheating  above  Aci,  is  shown  conclusively  by 
the  fact  that  re-equiaxing  may  begin  as  low  as  400°  and  complete 
itself  at  a  temperature  as  low  as  600°.* 

M.  Ziegler  properly  points  out  that  the  increase  of  grain 
size  by  high  heating  should  lead  to  increasing  the  continuity 
and  thickness  of  the  slag  envelopes,  because,  the  quantity  of 
slag  being  fixed,  it  would  go  farther  towards  continuity  if  con- 
centrated in  a  relatively  few  envelopes  around  a  few  large 
kernels  than  if  spread  out  in  a  greater  number  of  envelopes  about 
smaller  kernels,  and  to  this  he  refers  the  injurious  effects  of  high 
heating  (page  663).  But  it  is  doubtful  if  the  facts  support  this; 
because  in  a  large  proportion  of  cases  increase  of  cell  size  by  high 
heating,  say  to  1000°  or  1 100°,  raises  the  tensile  strength,  instead 
of  lowering  it  as  is  implied  by  the  theory  that  slag  envelopes 
are  the  dominating  element. 


Note  to  page  278.  The  support  offered  to  the  theory  of 
Ewing  and  Rosenhain  by  their  observation,  that  growing  grains 
will  not  bridge  a  weld  unless  it  contains  eutectic,  seems  to  lose 
its  force  on  further  consideration.  On  their  theory,  grain 
growth  occurs  through  the  progressive  migration  of  the  eutectic- 
fiUed  eutectiferous  boundary  across  the  grain  which  is  under- 
going absorption  by  its  neighbor,  through  which  migration  this 
absorption  occurs.  With  this  mental  picture  before  us,  we  see 
that  certain  eutectiferous  boundaries  in  the  neighborhood  of  the 
weld  would,  in  the  natural  course  of  their  migration,  come  to 
the  weld,  and  would  thereby  spontaneously  set  in  that  weld  the 
eutectic  needed  for  bridging  it,  whereon  grain  growth  across  it 
ought  to  occur.  Thus  one  first  questions  whether  their  theory  really 
explains  the  failure  of  grain  growth  to  cross  welds,  and  then  asks 
whether  this  failure  does  not  rather  throw  doub   on  their  theory. 

*  Heyn,"Uber  die  Nutzanwendung  der  Metallographie,  etc.";  5<<iAZ  und  Eisen,  Vol.  26, 
1906,  pp.  580-596. 


APPENDIX  I.     GENERAL  DESCRIPTION  OF  EXPERIMENTS. 

The  treatment  of  the  specimens  shown  in  Figs.  i8  to  28, 
Plate  I,  is  described  in  a  note  on  that  plate.  The  treatment  of  the 
specimens  described  under  Proposition  4,  Paragraph  52,  page. 
336,  by  means  of  •v^'hich  I  showed  that  the  refining  of  the  fracture 
is  completed  not  at  Aci  but  at  Ac3,  is  described  under  Appendix 
11.  The  treatment  of  the  specimens  by  means  of  which  the 
influence  of  length  and  height  of  heating,  etc.,  on  network  size 
was  determined,  including  the  specimens  represented  on  Plates 
II,  III,  and  IV,  is  given  in  Table  V. 

The  composition  of  the  steels  experimented  on  is  given  in 
Table  I,  page  332. 

Pyrometry. — All  temperatures  were  determined  with  the 
Le  Chatelier  pyrometer,  using  platinum  -  platinum-iridium 
couples.  For  all  measurements  for  which  accuracy  was  impor- 
tant a  couple  and  Siemens  and  Halske  galvanometer,  both 
calibrated  by  the  United  States  Bureau  of  Standards,  Washing- 
ton, D.  C,  were  used.  These  couples  were  not  in  general 
exposed  to  any  temperature  above  1100°,  though  in  a  few  cases 
they  were  exposed  to  1200°  for  10  minutes  at  a  time.  Parts 
thus  exposed  were  always  removed  before  further  use  for  measure- 
ments needing  accuracy. 

For  most  measurements  at  temperatures  in  excess  of  1100° 
another  couple  was  used,  together  with  a  Kciscr  and  Schmidt 
galvanometer.    All  couples  were  re-cahbrated  at  short  intervals. 

Measurement  of  Wallcd-ccll  Size. — In  the  eye-piece  of  the 
microscof)e  was  a  micrometer  which  showed  a  line  A'B\  Fig.  8, 
the  image  of  which,  as  seen  against  the  specimen,  covered  a 
known  length.  A  count  of  the  number  of  cells  cut  by  this  line, 
and  its  length,  permitted  calculating  the  average  sectional  area 
of  those  cells,  on  the  a.ssumption  that  they  were  squares.  Then 
the  micrometer  line  A'B'  was  traversed  to  the  i)osition  A"H'\  a 
recount  made,  and  so  on,  across  the  field.  In  this  way  twelve 
measurements  were  made  for  each  of  the  numbers  which  give  the 
cell  size  in  Table  III.     The  assumption  that  the  several  cells  are 
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squares,  or  whatever  like  assumption  is  made,  introduces  a  certain 
error;  but  this  seems  to  be  of  a  far  lower  order  of  magnitude 
than  the  inevitable  error  due  to  uncertainty  as  to  what  the  true 
cell  boundaries  are  in  most  sections.  Duplicate  measurements 
are  generally  in  good  accord,  whether  made  on  different  sections 
of  the  same  specimen,  or  on  different  specimens  which  had 
received  like  treatment. 

In  several  test  measurements  the  results  thus  reached  agreed 


Fig.  8. — Walled-cell-size  Measurement. 


well  with  those  reached  by  Professor  Sauveur's  method,  which 
consists  in  measuring  with  a  planimeter  the  area  of  a  given  part 
of  the  field,  and  counting  the  cells  included  in  that  area.  I 
have  no  preference  for  the  method  here  used.  Its  simplicity 
may  make  it  applicable  under  certain  conditions  where  Pro- 
fessor Sauveur's  is  not. 

In  the  case  of  the  electrolytic  iron  Professor  Sauveur's 
method  was  used. 


APPENDIX  II.     METHOD  OF   FINDING  THE  RELATION  OF  THE 
FRACTURE-REFINING  TEMPERATURE  TO  Aci  AND  Acs. 

The  purjwse  of  these  experiments  was  to  learn  whether  the 
temperature  at  which  the  refining  of  an  initially  coarse  structure, 
as  indicated  by  the  fracture,  becomes  complete,  is  Aci  as  asserted 
by  Mr.  Brinell,  or  slightly  above  Ac3  as  our  present  theory 
requires.  My  general  procedure  was  first  to  coarsen  the  whole 
of  a  bar  of  steel  by  overheating  it;  then  to  reheat  it  differentially 
so  that  one  of  its  ends  passed  well  above  Ac3  while  the  other 
remained  well  below  Aci;  then  to  quench  it  in  water  so  as  to 
harden  those  parts  which  were  above  Aci,  and  thus  to  learn  in 
what  part  of  the  length  of  the  bar  Aci  lay;  to  examine  it  micro- 
scopically so  as  to  learn  where  Ac3  lay;  and  to  break  it  open 
lengthwise  so  as  to  learn  whether  the  refining  of  the  fracture  com- 
pleted itself  just  at  Aci  or  above  Ac3  as  thus  fixed.  Under  these 
conditions  a  marked  change  in  the  look  of  the  fracture  as  distin- 
guished from  its  coarseness  might  well  occur  at  Aci,  because  the 
parts  cooler  than  Aci  would  not  harden,  whereas  those  hotter 
would,  and  of  course  a  marked  fracture-change  might  occur  where 
the  unhardcncd  joined  the  hardened  part.  This  change  had  to 
be  distinguished  from  refining  proper  of  the  fracture,  that  is,  the 
change  from  a  coarse  to  a  fine  fracture.  The  carbon  content  of 
the  steel  tested  had  to  be  well  below  the  eutcctoid  ratio  in  order 
that  there  might  be  a  broad  margin  between  Aci  and  AC3. 
An  even  lower  carbon  content  than  that  selected  might  have 
been  better.* 

A  bar  i  in.  square  and  8  ins.  long,  of  steel  of  0.46  per  cent, 
carbon,  was  first  coarsened  by  holding  for  one  hour  at  about 
1350°,  and  c(X)ling  in  air  so  as  to  develop  the  network  structure. 
It  was  then  planed  in  two  along  the  cut  ana  shown  in  Fig.  9, 
and  the  slots  cc  were  made  with  a  hack  saw.  One  of  its  two 
j)icTes  at  a  time  was  next  hrated  difTcrcntially  in  a  thick-walled 
copjKT  cast  box,  Fig.  10,  of  which  the  left-hand  cud  lay  within 
a  highly  heated  forge,  while  the  other  end  projected  into  the 

*  TiKMigb  tb*  stMl  acttully  tutd  conUined  0.46  per  cent,  of  carbon,  it  wtM  not  Sttcl  II 
of  tM«  paper. 
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outer  air.  Because  of  the  high  thermal  conductivity  of  the 
copper  the  thermal  gradient  along  this  bar  was  extremely  flat. 
When  the  hotter  end  of  the  bar  reached  about  900°,  as  indicated 
by  the  thermo-junction  beside  it,  the  bar  was  drawn  and 
quenched  in  water. 


»« /• •! 


Fig.  9. 
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Fig.  10. 

Figs.  9  and  10. — ^Arrangement  for  determining  the  relation  between  the 
fracture-refining  range  and  the  transformation  range,  Aci  to  Ac3. 

Note. — The  test  piece,  as  a  square  bar,  is  coarsened  by  overheating, 
cooled  slowly,  grooved  along  cc,  and  cut  along  aaa  into  two  pieces,  of  which 
one  at  a  time  is  refined  differentially  in  the  solid-walled  copper  box  of  Fig.  10. 


Thus  the  successive  points  along  the  length  of  the  bar 
represent  the  same  steel  after  treatment  which  is  identical,  except 
that  the  quenching  temperature  rises  extremely  slowly  as  we 
pass  from  right  to  left  of  Fig.  10.  The  bar  was  next  cut  into 
smaller  pieces  in  the  unhardened  part,  and  broken  into  such 
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pieces  in  the  hardened  part.  Then  each  of  these  little  sections 
was  set  on  a  swage  block  in  the  same  position  as  that  shown  in 
Fig.  lo,  and  broken  by  blows  in  the  direction  of  the  arrow.  The 
position  of  Aci  was  then  determined  by  means  of  the  Brinell 
ball  test  and  by  etching  with  picric  acid  on  the  face  NOP,  Fig. 
lo;  that  of  Ac3  microscopically  by  the  vanishing  of  the  coarse 
ferrite  network;    and   that  of  the  refining  of  the  fracture  by 
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Fig.  II. — Fracture  Refining  extends  through  the  Transformation  Range. 

Note. — The  bar  BH,  coaisened,  differentially  reheated,  and  hardened  as 
shown  in  Figs.  9  and  10,  acquires  the  hardening  power  and  loses  its  coarse 
fracture  progressively  in  rising  through  the  transformation  range,  as  identified 
by  the  removal  of  the  initial  coarse  fei  rite  network. 


ocular  insjiection.  With  this  procedure  the  parts  examined  are 
shielded  from  decarburization  during  the  thermal  treatment. 

By  heating  in  this  way  the  region  covered  by  the  transfor- 
mation range  was  spread  out  over  a  distance  of  1]/%  ins.  along 
the  length  of  the  bar,  as  shown  in  Fig.  11. 

The  hardness  (Brinell),  which  was  constant  between  B  and 
C,  increased  progres-sively  from  C  |)ast  R  to  F.  The  grain  size 
in  the  fracture  was  practically  constant  from  B  to  (';  then  it 
grew  slightly  finer  from  C  to  Z>,  with  a  more  marked  change 
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from  D  to  E,  and  a  further  very  slight  refining  up  to  G.  Thence 
to  //  it  re-coarsened  slightly.  The  coloration  by  deep  etching 
with  either  picric  or  nitric  acid  changed  sharply  at  C.  The 
cell-walls  of  the  coarse  ferrite  network  faded  away  gradually 
from  C  to  £  where  they  lost  all  continuity;  but  with  careful 
etching  their  fragments  could  be  detected  with  fair  confidence 
as  far  as  E' .  Here  even  these  slight  remains  of  the  network 
structure  ceased  to  be  ferrite,  that  is,  to  appear  white  after 
nitric  acid  etching.  But  in  some  cases  the  network  could  be 
traced  as  far  as  F  as  a  little  darker  than  the  kernels  which  it 
enclosed. 

I  interpret  this  as  meaning  that  as  far  as  E'  the  central 
layer  of  the  network  remained  so  poor  in  carbon  that,  in  quench- 
ing, it  slipped  back  through  the  states  of  troostite  and  sorbite 
into  that  of  ferrite  plus  a  trifling  quantity  of  troostite;  hence  its 
whiter  look.  From  E  or  E'  to  F  the  central  layer  of  austenite 
had  received  so  much  carbon  by  diffusion  from  the  enclosed 
kernel  that,  in  quenching,  it  was  caught  in  the  state  of  troostite; 
hence  its  darker  look  than  the  martensite  kernels. 

This  experiment  was  repeated  three  times,  with  substan- 
tially identical  results.  This  method  is  convenient  for  pre- 
liminary reconnaisances. 

Another  steel  with  0.40  per  cent,  carbon  treated  in  like  way 
gave  like  results,  except  that  the  completion  of  the  refining  of 
the  fracture  seemed  to  coincide  even  more  accurately  with  the 
vanishing  of  the  coarse  ferrite  network. 

The  final  disappearance  of  the  coarse  network  at  or  slightly 
above  E  identifies  F  as  being  very  near  Ac3 ;  and  it  was  above 
E,  and  hence  at  or  above  AC3,  that  the  grain-refining  of  the  frac- 
ture became  complete. 

The  change  in  the  picric-acid  etch  color  at  C,  and  the  fact 
that  the  hardness  began  increasing  at  C,  show  that  it  was  here 
that  the  change  in  carbon  condition  occurred,  in  short  that  C 
represents  Aci.  Thus  the  proof  seems  complete  that  in  this 
case  fracture  refining  becomes  complete  at  above  AC3,  and  far 
above  the  temperature  at  which  the  carbon  condition  changes, 
or  Aci. 

That  the  hardness  as  measured  by  the  Brinell  test  should 
continue  increasing  from  C  to  beyond  E,  as  the  quenching 
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temperature  rose  through  and  beyond  the  transformation  range, 
is  what  we  should  naturally  expect  from  the  fact  that  the  higher 
the  quenching  temperature  the  more  rapid  is  the  coohng  through 
that  range  and  hence  the  more  thorough  the  hardening.  But 
if  the  hardness  is  determined  by  cutting  with  a  hack  saw,  it 
appears  to  reach  its  maximum  immediately  on  passing  to  the 
right  of  C.  This,  too,  is  but  natural,  in  view  of  the  fact  that 
these  saws  are  not  very  hard,  as  is  shown  by  the  readiness  with 
which  they  can  be  filed.  The  simple  explanation  is  that  at 
C  the  bar  became  as  hard  as  the  hack  saw,  which  refused  to  bite 
at  any  point  harder  than  C,  and  thus  to  detect  the  increase  of 
hardness  beyond  C,  It  is  thus  that  we  should  explain  the  older 
crude  determinations  which  reported  the  hardness  as  leaping 
to  a  maximum  at  Aci. 


THE  MANUFACTURE  OF  PURE  IRONS  IN 
OPEN-HEARTH  FURNACES. 

By  A.  S.  CusHMAN. 

The  industrial  history  of  the  country  has  been  characterized 
during  the  last  ten  years  by  so  many  important  changes  and  develop- 
ments that,  taken  as  a  whole,  they  may  well  be  considered  as  mark- 
ing a  new  industrial  epoch.  These  changes  may  be  defined  in  part 
as  social  and  political,  and  in  part  as  purely  technical  evolution. 
Thus  we  find  extraordinary  change  and  activity  following  in  the 
wake  of  the  great  movements  for  conservation  of  natural  resources 
and  government  control  of  the  quality  of  foods,  drugs,  and  other 
staples  which  enter  into  interstate  commerce.  The  day  when  a 
complacent  public  would  buy  any  material  offered  for  sale,  with 
little  or  no  regard  for  specification  and  with  implicit  faith  in  every 
word  printed  on  a  label,  has  probably  passed,  never  to  return. 
Quantity  rather  than  quality  has  heretofore  marked  the  industrial 
supremacy  of  the  United  States,  but  the  signs  of  the  times  point  to 
the  fact  that  hereafter  the  maximum  quantity  consistent  with  a 
standard  of  quality  will  be  the  slogan  of  the  progressive  producer. 

Europe  has  long  been  looked  upon  as  the  home  of  research 
and  conservation,  and  it  is  only  comparatively  recently  that  America 
has  been  brought  to  a  thorough  realization  of  the  necessity  of 
re-ordering  her  ways  if  she  is  to  take  her  place  in  the  up-building  of 
the  industrial  future  of  mankind.  It  is  satisfactory  to  note  that 
the  wave  of  conservation  is  sweeping  along  all  the  lines  of  industry, 
and  the  ruthless  waste  formerly  so  common  in  manufacturing 
methods  is  rapidly  disappearing.  Almost  all  new  countries, 
especially  if  bountifully  supplied  with  natural  resources,  have  had 
this  experience.  It  is  the  natural  result  of  rapid  growth  which 
leads  to  a  disinclination  to  consider  apparently  minor  details 
until  forced  to  do  so  by  stem  necessity.  The  movement  for  the 
conservation  of  our  forest  products,  which  is  comparatively  new 
in  this  country,  is  old  and  well  known  in  Germany,  and  it  is  now 
very  generally  conceded  that  this  country  has  taken  up  the  study 
of  the  conservation  problem  none  too  soon.     It  is  but  natural  that 
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in  this  great  wave  of  economy  the  conservation  of  iron  should  have 
become  such  an  all-absorbing  subject.  There  can  be  no  question 
but  that  this  important  commodity  is  directly  and  indirectly  the 
greatest  force  for  ci^^lization  that  exists. 

The  production  of  iron  as  carried  on  prior  to  the  invention  of 
the  Bessemer  and  open-hearth  processes  showed  a  steady  growth, 
but  after  the  appearance  of  these  important  inventions,  by  which 
large  tonnages  could  be  so  rapidly  and  cheaply  produced,  the 
industry  grew  by  leaps  and  bounds  and  eventually  resulted  in  the 
greatest  period  of  railroad  development  that  the  world  has  ever 
known.  During  such  periods  as  this  the  question  of  durability 
and  lasting  quality  had  of  necessity  to  take  second  place,  and,  in 
fact,  the  study  of  the  literature  would  indicate  that  these  matters 
were  not  given  very  serious  consideration  prior  to  the  present 
decade. 

It  is  the  object  of  this  paper  to  present  to  your  attention  the 
important  step  in  metallurgical  development  which  has  made  possi- 
ble a  process  for  making  irons  of  extraordinary  purity  on  the  large 
scale  usual  in  steel-making  operations  in  the  open-hearth  furnace. 
Purity  in  a  commercial  product  is  difficult,  if  not  impossible,  to 
define,  and  it  is  necessary  in  the  beginning  to  emphatically  state 
that  although  the  words  "pure  irons"  in  the  title  have  been 
selected  advisedly,  there  is  no  intention  to  go  beyond  the  actual 
facts.  All  things  are  relative,  and  from  this  point  of  view  the 
products  which  I  am  about  to  discuss  may  be  defined  as  pure  only 
when  they  are  considered  in  relation  to  ordinary  metallurgical 
products  in  which  purity  from  the  standpoint  of  chemical  con- 
stitution has  not  been  the  principal  object  sought.  Iron  of  one 
hundred  per  cent,  purity  will  undoubtedly  never  be  achieved,  but 
if  the  efforts  which  havq  already  i)roduced  the  present  commercial 
irons  of  such  an  unusual  degree  of  purity  are  not  relaxed,  it  is  safe 
to  assume  that  at  least  commercial  j)urity  will  be  attained. 

In  order  to  introduce  the  discussion,  it  will  be  of  interest  to 
give  very  briefly  a  summary  of  the  various  processes  by  which  iron 
as  differentiated  from  steel  lias  been  produced  in  the  j)ast,  together 
with  some  historical  facts  and  dates,  all  of  which  have  a  direct 
bearing  on  the  subject. 

Iron  may  be  produced  in  one  operation  direct  from  the  ore, 
A  practice  which  was  followed  in  nearly  all  the  earlier  methods 
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which  we  read  of  in  the  history  of  iron  manufacture.  These 
direct  processes  as  carried  out  in  early  times  would  be  considered 
far  too  costly,  and  the  yields  too  low,  to  make  even  an  approximate 
return  to  them  possible.  It  is  not  probable  that  the  ancient  workers 
of  iron,  who  used  the  Catalan  process,  aimed  at  extraordinary 
purity  or  even  knew  very  much  about  it.  In  this  respect  they  were, 
however,  safe-guarded  by  the  comparative  impossibility  of  obtain- 
ing high  temperatures,  so  that  impurities  in  the  ore  were  probably 
never  thoroughly  reduced  and  hence  passed  into  the  slag  instead  of 
melting  into  the  metal  product.  The  following  is  an  analysis  of 
the  crude  iron  and  the  finished  bar  as  produced  at  Ragdohar, 
Salem  District,  India.  The  analysis  was  made  by  Harris  and  is 
quoted  by  Turner.  It  shows  the  possibility  of  purity  when  the 
forging  process  is  conducted  with  great  care,* 

Crude  Iron.       Finished  Bar.  • 

Carbon o .  660  o .  030 

(Chiefly  charcoal) 

Silicon I    113  o.oio 

(Chiefly  slag) 

Sulphur o.  005  Trace 

Phosphorus 0.028  0.013 

Manganese 0.013  Nil 

Iron  (by  difference) 98.181  99.947 


100.000 


The  Catalan  process,  while  of  great  interest  in  a  historical 
way,  is  of  course  no  longer  of  any  commercial  importance  in  the 
metallurgy  of  iron.  Up  to  the  present  era  nearly  all  of  the  purer 
irons  of  commerce  have  been  represented  by  the  various  grades  of 
so-called  wrought  irons.  These  wrought  irons,  with  scarcely  an 
exception,  have  been  produced  by  indirect  methods,  that  is,  by  the 
purification  of  pig  iron  which  has  been  previously  produced  from 
the  ore  in  a  blast  furnace.  The  methods  for  producing  wrought 
irons  vary  considerably  in  character,  but  they  are  all  based  on 
the  elimination  of  the  impurities  in  the  pig  iron  by  means  of  oxida- 
tion. The  oxidation  can  be  carried  on  in  two  ways,  either  on  a 
hearth,  with  charcoal  as  fuel,  or  in  a  reverberatory  furnace.  In 
one  case  the  metal  is  in  actual  contact  with  the  fuel,  and  the  oxygen 

♦  Turner's  "  Metallurgy  of  Iron." 
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is  supplied  by  the  blast,  the  impurities  passing  oflf  into  the  slag. 
In  the  second  case,  that  of  the  reverberatory  furnace,  the  metal 
does  not  come  in  actual  contact  with  the  fuel,  and  the  oxygen  is 
supplied  by  means  of  oxide  of  iron  m  the  form  of  iron  ore  or  mill 
scale.  The  furnaces  used  in  carrying  on  the  operations  of  the 
first  case  are  known  as  the  Walloon,  the  Lancashire  hearth,  the 
Tranche  Compti,  and  the  puddling  furnace  commonly  known  in 
Great  Britain   and  the  United  States. 

The  Lancashire  hearth  and  the  Franche  Compti  processes 
are  practically  the  same,  the  differences  being  chiefly  in  the  details 
of  the  furnaces  employed  and  a  few  of  the  minor  operations,  none 
of  which,  however,  change  the  character  of  the  processes  but  are 
principally  dependent  upon  the  local  custom  of  the  localities  where 
they  are  employed.  In  Sweden  the  Walloon  and  Lancashire 
hearth  processes  are  chiefly  used,  whereas  in  England  and  the 
United  States  the  puddling  process  is  by  far  the  most  common. 
The  charcoal  process,  in  the  strictest  meaning  of  the  term,  is  being 
used  only  to  a  moderate  extent.  The  great  purity  of  the  Swedish 
ores,  and,  until  comparatively  recently,  the  plentiful  supply  of 
charcoal,  has  stimulated  the  use  of  the  charcoal  process,  whereas 
in  England  the  comparative  impurity  of  the  ores  and  the  difficulty 
in  getting  charcoal  has  brought  about  the  adoption  of  the  puddling 
process. 

In  1784  Henry  Cort  introduced  the  puddling  process  into 
England,  where  it  immediately  replaced  the  charcoal  processes 
to  a  very  consirierable  extent.  As  first  used  a  sand  bottom  was 
emj)loye(l  and  this  process  eventually  became  known  as  "dry 
puddling."  At  a  later  date  the  sand  bottom  was  replaced  by  a 
bottom  made  of  iron  oxide,  this  new  development  being  known  as 
"wet  puddling"  or  the  "pig  boiling"  process.  The  "pig  boiling" 
process  had  much  greater  f)ossibilitics,  and  mechanical  puddling 
which  was  developed  later  was  apj)lic(l  to  the  wet  methtxl  almost 
to  the  entire  exclusion  of  "dry  i)ud(lling."  Sweden  never  used 
the  puddling  process  to  anything  like  the  same  extent  as  England, 
owing  to  the  abundsmce  of  charcoal  and  the  bountiful  supj)ly  of 
very  pure  high-grade  ores.  These  basic  facts  arc  undoubtedly 
the  cause  of  the  high  reputation  that  Sweden  has  always  enjoyed 
in  the  iron  trade  of  the  worKl.  For  many  years  Sweden  has  shii)j)C(l 
large  tonnages  of  charcoal  iron  ff)  England  and  the  United  States 
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for  conversion  into  crucible  steel  and  for  other  purposes  where  very 
high  grade  irons  are  required.  The  term  "  Swedish  charcoal  iron" 
has  come  to  be  synonymous  with  charcoal  irons  of  the  very  highest 
quality.  It  is  unfortunately  true  that  the  high  reputation  which 
has  been  earned  by  the  best  charcoal  iron  has  been  made  the  basis 
of  a  masquerade  for  materials  entering  the  trade,  which  differ 
very  essentially  from  the  original  types  of  pure  charcoal  irons,  and 
which  in  too  many  cases  represent  very  ordinary  materials  knobbled 
up  in  any  possible  way  so  long  as  they  can  be  made  to  pass  muster 
as  charcoal  iron.  Unhappily  the  same  thing  is  true  with  regard  to 
wrought  iron,  and  material  is  made  to  pass  as  wrought  iron, 
which  may  be  merely  ordinary  trimmings  and  scrap  which  after 
busheling  or  fagoting  is  forged  or  rolled  into  the  semblance  of 
true  wrought  iron.  Fortunately,  the  introduction  of  the  micro- 
scope as  an  every-day  workmg  instrument  in  metallurgical  labora- 
tories has  rendered  this  form  of  deception  increasingly  difficult, 
and  it  can  safely  be  said  that  no  consumer  need  any  longer  fear 
a  practical  difficulty  in  buying  to  specification  provided  he  is  will- 
ing to  enlist  the  assistance  of  a  properly  equipped  metallurgical 
laboratory. 

Up  to  1895  more  iron  than  steel  was  produced  in  Sweden,  but 
since  that  time,  as  a  natural  result  of  the  extensive  use  of  the  various 
types  of  steel  as  differentiated  from  iron,  their  production  has 
decidedly  increased,  while  the  output  of  iron  has  remained  about 
stationary.  The  heart  of  the  iron  industry  in  Sweden  is  in  the 
western  central  portion,  which  includes  the  mines  of  Dannemora, 
Norberg,  Persberg  and  the  district  of  Vermland,  Orebro,  Vestman- 
land,  and  Kopparberg.  In  1900  about  fifty  per  cent,  of  all  the  ore 
produced  in  Sweden  came  from  this  district.  In  addition  to  these 
deposits,  however,  it  is  well  known  that  along  the  northern  borders 
are  vast  deposits  of  high-grade  iron  ores  which  have  as  yet  been 
held  mainly  in  reserve. 

The  first  experiments  which  eventually  led  to  the  develop- 
ment and  perfection  of  the  open-hearth  process  were  carried  on 
by  Josiah  Heath  about  1845.  A  reverberatory  furnace  was 
employed,  but  successful  results  were  not  obtained,  as  it  was 
impossible  to  get  the  requisite  temperature  for  conducting  the  work 
to  a  successful  product.  Siemens  began  his  experiments  about 
1861,  whi-le  at  the  same  time  Martin  was  independently  working 
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on  the  same  problem  in  France.  In  1867  steel  produced  by  the 
open-hearth  process  was  exhibited  by  Siemens  and  Martin  at  the 
Paris  exposition,  where  a  gold  medal  was  awarded  in  recognition 
of  the  efforts  of  these  two  pioneer  investigators.  The  earliest 
patent  covering  the  open-hearth  process  was  obtained  in  France  in 
1865  and  covered  practically  what  is  now  known  as  the  open-hearth 
method  which  effects  the  decarbonization  of  iron  and  its  subse- 
quent recarbonization  into  steel. 

The  first  open-hearth  furnace  introduced  into  the  United 
States  for  the  production  of  steel  was  built  by  Frederick  J.  Slade 
for  Cooper,  Hewitt  and  Company,  then  proprietors  of  the  New 
Jersey  Steel  and  Iron  Company,  at  Trenton,  N.  J.  In  1872  the 
production  of  open-hearth  steel  in  the  United  States  amounted  to 
about  3,000  tons.  Eight  years  later,  in  1880,  it  was  84,000  tons, 
about  forty  furnaces  being  in  operation.  In  the  meanwhile  the 
Bessemer  process  which,  of  course,  preceded  the  development  of 
the  open-hearth  process,  had  made  wonderful  strides  in  Europe 
and  the  United  States,  but  it  was  not  until  the  basic  open-hearth 
process  was  developed  that  the  real  future  of  the  open-hearth  was 
assured.  This  process,  in  which  lime  was  employed  as  the  purify- 
mg  agent,  in  conjunction  with  basic  linings,  made  possible  the 
employment  of  raw  materials  otherwise  comparatively  unavailable, 
and  as  time  went  by  the  furnaces  were  increased  in  size,  thereby 
reducing  the  cost  of  operation  and  bringing  this  process  directly 
into  competition  with  the  Bessemer  in  regard  to  the  cost  of  produc- 
tion, the  quality  of  the  pro<luct  being  early  recognized  as  superior 
for  many  purposes  to  Bessemer  steel. 

Our  late  much-beloved  president.  Dr.  Charles  B.  Dudley, 
stated  some  years  ago  in  an  address  before  this  Society  that  there 
was  an  ever-present  danger  that  the  ease  with  which  the  great 
modem  metallurgical  methods  lent  themselves  to  the  manufacture 
of  steel,  might  very  possibly  have  been  leading  us  away  from  the 
ccMisideration  of  the  desirability  of  iron  as  opposed  to  steel  for  those 
special  purposes  for  which  iron  is  particularly  suited.  Dr.  Dudley 
further  prophesied,  in  his  usual  conservative  way,  however,  that  the 
time  might  not  be  so  far  distant  when  the  pendulum  would  swing 
back  again  in  a  return  to  some  modem  form  of  practical  iron-mak- 
ing. That  this  same  thing  was  gradually  taking  shape  in  the  minds 
of  a  number  of  progressive  metallurgists  is  clearly  shown  by  a  study 
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of  the  literature  which  bears  upon  this  subject.  As  far  back  as 
1892  Col.  H.  Dyer  read  a  paper  on  the  production  of  pure  iron  and 
steel  before  the  British  Iron  and  Steel  Institute.  Dyer's  experi- 
ments were  made  in  a  small  way  and  with  generally  unsatisfactory 
results,  as  the  product,  while  being  pure  as  regards  silicon,  sulphur, 
phosphorus,  carbon  and  manganese,  was  so  over-burned  and 
contaminated  with  oxygen  that  it  was  practically  unworkable. 
Many  other  investigators  took  up  the  subject,  but  the  results  never 
got  further  than  the  experimental  stage.  While  all  these  investi- 
gations attracted  considerable  attention  from  time  to  time,  and 
produced  discussions  before  technical  and  learned  societies,  no 
practical  results  were  obtained.  The  thorough  elimination  of 
oxygen  appeared  to  be  an  insurmountable  stumbling-block  and 
by  most  metallurgists  the  final  reduction  of  an  over-bumed  bath 
was  not  considered  possible. 

About  1903  H.  H.  Campbell*  attempted  the  production  of 
pure  iron  in  an  open-hearth  furnace,  and,  as  a  result,  obtained  a 
product  for  which  the  following  analysis  has  been  recorded: 

Carbon 0.025  P®*"  cent. 

Phosphorus 0.009    "       " 

Silicon o .  005    "      " 

Manganese o  .040    "      '* 

Sulphur 0.034    "      " 

Copper o.io      "      " 

The  oxygen  content  of  his  product  was  apparently  not  known 
to  Campbell,  but  his  opinion  in  regard  to  it  is  very  clearly  summed 
up  in  the  following  quotation:  "These  heats  were  made  in  a  basic 
open-hearth  furnace  and  their  regularity  both  in  chemical  and 
physical  character  shows  that  we  are  dealing  with  a  normal  and 
definite  metal  and  not  with  an  accidental  product.  They  were 
purposely  made  with  the  lowest  possible  content  of  manganese, 
and  it  seems  positively  certain  that  the  steel  must  be  saturated 
with  oxygen."  Some  of  this  material  was  examined  and  reported 
upon  by  Henry  M.  Howe,  who  made  a  number  of  experiments  upon 
it.f  If  Campbell  was  close  to  a  possibility  of  the  production  of  a 
commercial  metal  with  an  iron  analysis  made  in  a  steel  furnace,  he 
does  not  seem  to  have  been  aware  of  the  fact,  owing  undoubtedly 

•  "Manufacture  and  Properties  of  Iron  and  Steel,"  1904,  p.  48a. 
t  Engintering  and  Mining  Journal,  Vol.  62,  p.  557. 
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to  the  difficulty  which  was  then  anticipated  in  any  attempt  to 
deoxidize  a  highly  super-oxidized  bath.  A  material  saturated 
with  oxygen  is  necessarily  unfit  for  commercial  use,  and  unless 
the  oxygen  can  be  reduced  to  a  very  low  content  the  product  is 
practically  worthless. 

Numerous  other  references  might  be  given  from  the  literature 
of  the  last  ten  years,  to  show  that  many  other  metallurgists  were  at 
least  ready  to  consider  the  possibilities  as  well  as  the  difficulties 
involved  in  deoxidation  work  on  a  large  scale. 

About  1905  the  United  States  Department  of  Agriculture 
received  a  great  number  of  complaints  from  farmers  and  other 
people  in  different  parts  of  the  United  States,  in  regard  to  the 
alleged  rapid  corrosion  and  deterioration  of  fence  wire  and  of  steel 
culverts  for  road  grading.  The  Department,  through  the  Office 
of  Public  Roads,  undertook  an  investigation  of  this  subject  to  see 
if  it  could  be  determined  whether  the  claims  made  in  regard  to  the 
superior  rust-resisting  quality  of  the  older  irons  were  justified  by 
the  facts,  and  also  to  see  whether  influence  could  be  brought  to 
bear  upon  American  manufacturers  to  attempt  the  improvement 
of  their  products  from  the  special  standpoint  of  rust-resistance  and 
durability.  The  ^^Tite^  was  put  in  charge  of  these  investigations, 
and  on  November  13,  1905,  published  a  preliminary  report  in  the 
form  of  a  Farmers'  Bulletin  on  The  Corrosion  of  Fence  Wure.  In 
May,  1905,  the  manufacture  of  wrought  iron  and  the  relative  resist- 
ance to  corrosion  of  wrought  iron  and  steel,  was  made  the  subject 
of  a  special  debate  before  the  meeting  of  American  Institute  of  Min- 
ing Engineers  which  was  held  that  year  in  Washington,  D.  C.  The 
discussion  followed  a  paper  read  by  Mr.  J.  P.  Rowe,  in  which  he 
described  his  new  method  of  mechanical  puddling.  The  consensus 
of  opinion  of  a  number  of  leading  American  metallurgists  who  took 
part  in  the  discussion  was  that  chemical  constitution,  purity,  homo- 
geneity, and  lack  of  segregation  were  the  important  points  bearing 
on  relative  corrosion  resistance.  .  In  Bulletin  239,  on  The  Corrosion 
of  Fence  Wire,  the  writer  expressed  the  opinion  that  whereas  the 
tendency  of  iron  and  steel  to  rust  or  oxidize  is  a  characteristic  of  the 
metal  itself,  independent  of  the  presence  of  any  impurities  that  i( 
might  contain,  nevertheless  not  only  the  rate  but  the  type  or  kind 
of  corrosion  which  took  place  might  easily  be  dependent  upon  the 
chemical  and  ohysical  characteristics  of  the  metal.    It  was  also 
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pointed  out  in  the  same  bulletin  that  a  careful  search  of  the  litera- 
ture of  the  subject,  as  well  as  the  results  of  a  number  of  experiments 
which  had  been  carried  out  by  the  writer  and  others,  appeared  to 
point  to  manganese  as  having  something  to  do  with  the  matter. 
Although  manganese  by  itself  as  an  impurity  in  iron  and  steel  is 
known  not  to  segregate  to  the  same  degree  as  some  other  impurities, 
nevertheless  when  it  is  present  together  with  sulphur  there  is  abun- 
dant evidence  which  points  to  the  fact  that  manganese  sulphide 
segregates  and  leads  to  undesirable  results  from  several  dilTerent 
points  of  view.  It  was  interesting  to  note  in  these  early  days  of  the 
investigation,  as  shown  by  the  results  of  questions  which  were 
propounded  to  the  general  managers  of  a  number  of  companies 
which  represented  the  largest  consumers  of  wire,  that  practical 
men  had  already  reached  the  conclusion  that  for  some  reason  man- 
ganese was  involved  in  the  question  of  rust  resistance. 

In  answer  to  questions  sent  out  by  the  Department  of  Agri- 
culture, the  following  opinions  were  expressed:  (i)  That  Bessemer 
or  mild  steel  wire  will  rust  or  deteriorate  much  more  rapidly  than 
iron  wire;  (2)  that  within  certain  limits,  the  more  manganese  there 
is  present,  the  shorter  will  be  the  life  of  the  metal.  It  is  possible, 
of  course,  that  even  at  the  present  time  there  are  many  metallur- 
gists well  qualified  by  knowledge  and  experience  to  discuss  this 
subject,  who  will  not  agree  with  these  conclusions.  That  they 
represent,  however,  the  opinion  of  men  well  qualified  to  form  an 
opinion,  there  can  be  no  question;  and,  in  fact,  a  careful  review 
of  the  literature  of  the  subject  from  the  very  beginning  discloses 
the  fact  that  a  large  number  of  authorities,  including  those  of  the 
British  Admiralty  and  many  noted  investigators,  have  united  in 
saying  that  within  reasonable  limits,  other  things  being  equal,  the 
higher  the  percentage  of  impurities  subject  to  segregation  as  the 
metal  cools  from  a  liquid  to  a  solid  condition,  the  greater  the  ten- 
dency to  corrosion,  especially  when  subjected  to  severe  conditions. 
Greenwood*  states  that  manganiferous  steel  is  more  corroded  by 
sea-water  than  the  less  manganiferous  metal.  At  the  time  that 
Bulletin  239  was  written,  the  author  was  impressed  by  the  fact  that 
in  spite  of  the  great  abundance  of  opinion  to  be  found  in  the  litera- 
ture in  regard  to  the  influence  of  manganese  and  other  impurities 


*  Greenwood,  Steel  and  Iron,  1896,  p.  388. 
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on  the  resistance  of  iron  and  steel  to  corrosion,  there  was  very 
little  actual  experimental  evidence  which  could  be  cited  in  support 
of  such  a  conclusion.  It  seemed  quite  certain  that  diflferent  samples 
of  steels  or  of  iron  respectively  might  differ  quite  as  much  among 
themselves  in  resistance  to  corrosion  under  service  conditions  as 
they  did  from  each  other,  and,  in  fact,  it  is  impossible  to  read  the 
literature  of  the  subject,  covering  the  time  in  question,  without 
finding  eminent  authorities  ranged  against  each  other  in  their 
opinions  and  discussions  on  this  all-important  topic. 

A  number  of  investigators  independently  entered  the  field,  and 
shortly  after  this  time  the  electrolytic  theory  of  corrosion  was 
advanced  and  developed.  That  the  electrolytic  theory  is  now 
accepted,  by  the  large  majority  of  authorities  both  in  this  country 
and  in  Europe,  as  having  left  the  realm  of  pure  theory  for  that  of 
fact,  is  shown  by  numerous  very  recent  contributions  to  this  sub- 
ject. In  the  early  days  of  these  investigations  experimenters 
found  it  extremely  diflicult  to  obtain  samples  or  specimens  of  steel 
which  were  to  any  extent  free  from  manganese,  although,  of  course, 
many  examples  of  charcoal  and  puddled  wrought  iron  of  a  high 
degree  of  purity  in  this  respect  could  be  obtained.  About  this 
time,  however,  a  prominent  American  manufacturer,  struck  by 
the  voluminous  literature  which  had  been  appearing  on  both  sides 
of  the  controversy,  determined  to  make  the  effort  to  produce 
open-hearth  metal  of  the  highest  possible  commercial  purity, 
which  would  be  not  only  as  free  as  possible  from  manganese  but  also 
from  the  other  four  chief  impurities  which  have  in  the  past  been 
taken  special  note  of  in  the  manufacture  of  steel.  This  decision 
on  the  part  of  the  manufacturer  took  thq,  experimental  work  for  the 
first  time  from  a  purely  laboratory  onto  a  large  mill  scale  of  opera- 
tion. As  this  experimental  work  proceeded,  the  material  at  first 
produced  was  simply  a  low-manganese  mild  steel;  and  while  the 
movement  was  decidedly  in  the  right  direction  it  was  only  a  step 
fonvard  and  the  j)roduct  obtained  was  not  very  essentially  different 
from  mild  steels  that  had  been  pnxluccd  elsewhere  from  time  to  time. 
When,  however,  in  following  up  this  work  the  attempt  was  made 
to  eliminate  the  manganese  and  carbon  completely  from  the  metal, 
the  resulting  ingots  were  of  such  an  oxidized  character  as  to  be 
entirely  unsatisfactory  and  to  lead  to  most  serious  troubles  in  the 
attempt  to  roll  and  manufacture  it  into  a  final  product.     In  fact, 
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material  made  at  this  stage  of  the  progress  of  the  investigations 
was  not  pure  iron  and  was  of  little  utility.  It  soon  became  appar- 
ent that  a  very  large  amount  of  expensive  investigation  would  be 
necessary  and  that  considerable  time  would  elapse  before  the  experi- 
ments should  be  expected,  even  if  successful  in  the  end,  to  produce 
a  material  of  a  good  market  value  which  could  be  truly  called  iron. 
The  writer  is  pleased  to  have  the  opportunity  to  emphatically 
record  his  appreciation  and  admiration  for  the  determined  and 
successful  efforts  to  bring  about  this  metallurgical  improvement 
in  the  face  of  possible  financial  failure  as  well  as  in  the  face  of  much 
existing  scientific  and  expert  opinion  that  the  problem  was  an 
insoluble  one  or  at  best,  one  not  worth  solving. 

It  has  been  the  usual  practice  in  the  past  to  apply  the  term 
iron  when  used  in  its  specific  sense  only  to  the  products  of  either 
the  charcoal  knobbling  fire  or  the  puddling  furnace,  although, 
as  has  been  stated,  the  product  of  the  busheling  or  fagoting  method 
of  production  has  also  yielded  material  which  has  managed  to 
masquerade  as  iron.  In  conjunction  with  the  results  of  chemical 
analysis,  the  microscope  has  recently  been  developed  as  a  means  of 
enabling  the  metallurgist  to  easily  distinguish  iron  from  steel. 
These  methods  of  investigation  have  gradually  led  to  considering 
iron  to  be  a  name  applicable  only  to  products  which  show  slag 
inclusions  under  the  microscope.  Steel,  from  the  very  nature  of  its 
manufacture,  does  not  exhibit  this  peculiarity,  and  it  is  not  sur- 
prising, therefore,  that  the  mere  presence  or  absence  of  slag  should 
gradually  have  come  to  be  held  as  the  distmguishing  characteristic 
between  steel  and  iron.  The  practical  production  of  a  new  form 
of  the  metal,  by  a  process  in  which  the  product  was  finished  in  the 
molten  condition  and  cast  into  molds,  necessarily  yielding  a  slag- 
less  body,  has  reopened  the  question  in  some  quarters  as  to  whether 
or  not  the  claim  is  justified  that  these  pure  forms  of  metal  should 
be  called  iron  and  not  steel.  From  the  purely  scientific  standpoint, 
when  we  use  the  word  iron,  we  must  inevitably  refer  to  a  product 
which  in  all  of  its  characteristics  essentially  corresponds  to  the 
element  itself.  It  was,  of  course,  impossible  to  decide  just  where 
the  border  line  between  an  iron  and  a  steel  should  lie,  until  the  re- 
sults of  metallographic  investigations  which  have  been  made  within 
the  last  few  years  had  taught  us  the  essential  difference  between  the 
pure  ferrite  structure  and  the  carbon-iron  steel.    From  the  modem 
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Standpoint,  neither  the  presence  nor  absence  of  slag  could  be  held 
to  settle  the  matter  of  nomenclature,  except  that  the  presence  of 
slag  inevitably  points  to  the  process  by  which  the  material  was 
prepared.  In  the  opinion  of  the  writer,  it  is  difficult  to  understand 
how  a  product  which  is  in  every  way  essentially  metallic  iron  and 
exhibiting  a  true  ferrite  structure,  could  be  defined  as  steel  after 
the  carbon  had  been  eliminated  to  practical  traces  irrespective  of 
whether  the  metal  is  found  to  contain  inclusions  of  slag.  In  fact, 
a  metal  which  contains  3  per  cent,  or  more  of  a  foreign  body  such 
as  slag  falls  just  that  far  short  of  being  pure  iron,  and  from  a 
perfectly  reasonable  standpoint  it  would  appear  that  after  the  car- 
bon-iron alloy  field  has  been  eliminated,  the  nearer  the  metal 
approaches  to  the  theoretical  constitution  of  the  element  itself, 
the  more  it  justifies  the  name  of  iron. 

.  This  pure  iron  made  in  an  open-hearth  furnace  has  become 
generally  known  in  this  country  and  to  a  certain  extent  in  Europe 
as  "Ingot  Iron."  This  term,  as  we  are  well  aware,  originated 
many  years  ago  and  was  applied  chiefly  to  the  lower  carbon  product 
of  the  Bessemer  converter  and  the  open-hearth  furnace.  Of  late 
years,  however,  it  has  fallen  into  disuse  and  from  the  standpoint 
of  the  steel  maker  it  was  undoubtedly  a  misnomer,  so  that  gradually 
the  term  mild  or  soft  steel  took  its  place.  Low-carbon  Bessemer 
or  open-hearth  steel  which  usually  carries  from  0.3  to  0.5  per  cent, 
of  manganese  or  over  is  not  iron,  for  the  simple  reason  that  it  does 
not  show  the  true  ferrite  structure  and  contains  enough  carbon  to 
provide  it  with  mild  hardening  qualities.  Besides  these  facts, 
mild  steels  possess  many  qualities  not  possessed  by  iron  and  may 
be  used  for  purposes  for  which  iron  would  be  unsuitable,  although 
this  applies  more  especially  to  the  slag-bearing  iron  as  made  by  the 
original  processes.  On  the  other  hand,  a  pure  slagless  iron  is 
probably  superior  for  many  other  purposes  to  the  general  run  of 
carbon-bearing  metals.  It  would  appear  that  the  term  "ingot 
iron"  is  especially  suitable  to  a  pure  iron  product  made  in  an 
open-hearth  furnace  and  cast  while  molten  into  ingot  form. 

As  is  the  case  with  all  new  developments,  mistakes  have  been 
made  from  time  to  time,  and  it  is  perhaps  not  too  much  to  say  that, 
especially  in  the  earlier  stages  of  the  work,  material  has  been  pro- 
duced and  used,  which  was  unsatisfactory  and  which  was  certainly 
not  to  the  credit  of  the  new  industry.    Many  diillcullies  had  to  be 
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overcome,  but  as  the  industry  progressed  the  causes  of  trouble 
became  more  thoroughly  understood  and  were  gradually  eliminated. 
Among  the  difficulties  that  have  been  encountered,  I  must  refer  to 
the  fact  that  practically  all  the  scrap  available  in  this  country 
carries  copper  varying  from  very  small  quantities  to  amounts  in 
some  cases  exceeding  one  per  cent.  A  great  many  conflicting 
statements  in  regard  to  the  influence  of  copper  upon  iron  have 
appeared  in  the  literature,  but  in  most  cases  it  appears  to  have  been 
considered  an  undesirable  element,  imparting  the  property  of  red 
shortness  to  iron  or  steel.  When  present  in  considerable  quantities, 
this  is  unquestionably  the  case,  and  when  accompanied  at  the 
same  time  with  sulphur  the  efi"ect  is  highly  intensified.  In  very 
small  percentages  copper  does  not  seem  to  appreciably  aflfect  the 
working  or  rolling  of  the  product.  Quite  early  in  the  investigation 
with  which  the  writer  has  been  associated,  it  was  found  that  certain 
quantities  of  copper  when  added  to  steel  would  very  appreciably 
retard  the  solution  of  the  steel  in  dilute  mineral  acids.  This  was 
also  found  to  be  true,  though  to  a  much  less  extent,  with  the  carbon- 
and  manganese-free  product  of  the  open-hearth  furnace,  for  the 
resistance  to  acid  attack  is  to  a  large  extent  influenced  by  the  purity 
of  the  metal.  In  fact,  the  presence  of  oxygen  in  the  metal  has  been 
found  to  be  more  responsible  than  that  of  any  other  element  as  far 
as  the  much-discussed  question  of  acid  resistance  is  concerned. 
In  the  writer's  experience  and  practice,  the  question  of  copper  in 
iron  has  been  given  ver}'  careful  attention;  a  wide  range  bi  heats 
have  been  made,  which  have  purposely  been  given  increasing  quan- 
tities of  copper  up  to  as  high  as  1.5  per  cent.  These  iron-copper 
alloys  were  of  necessity  made  on  the  usual  large  scale  of  operation, 
but  no  particular  difliculties  were  encountered  in  rolling  or  finishing 
them.  It  should  not,  however,  be  understood  that  the  intention 
has  been  to  have  copper  present  in  these  purer  forms  of  open-hearth 
irons,  for,  on  the  contrary,  even  though  it  should  appear  that  the 
presence  of  copper  within  reasonable  limits  is  no  detriment  to 
the  product,  the  effort  would  still  be  strenuously  made  to  reduce 
the  percentage  of  copper  to  the  lowest  possible  point. 

In  this  respect  there  is  one  phase  which  is  most  interesting 
to  the  writer,  and  to  which  he  would  like  to  give  expression.  Prac- 
tically all  the  steel  produced  in  this  country,  and  therefore  most  of 
the  scrap  available  for  melting  purposes,  carries  varying  percentages 
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of  copper.  In  the  making  of  pure  irons  in  open-hearth  furnaces, 
since  the  process  has  no  eliminating  power  on  copper  or  metals  of 
this  class,  no  de-copperization  is  possible  in  the  refining  process. 
The  percentage  present  must  almost  inevitably  depend  upon  the 
amount  which  is  usually  found  in  the  pig  iron  and  steel  of  com- 
merce. If  the  selling  price  of  the  product  was  commensurate  with 
the  expense  attendant  on  securing  metal  entirely  free  from  copper, 
there  is  no  reason  why  such  irons  could  not  be  readily  produced, 
but  it  would  immediately  render  useless  for  the  purpose  much  of 
the  pig  iron  and  most  of  the  scrap  at  present  available.  The 
consen'ation  of  our  natural  resources  demands  the  use  of  scrap 
and  even  if  this  were  not  already  the  customary  practice  among 
manufacturers,  progressive  development  should  insist  on  its 
observance,  thereby  consendng  to  that  extent  our  valuable  ore 
deposits. 

The  manufacture  of  pure  iron  in  open-hearth  furnaces  in  its 
entirety  is  undoubtedly  a  distinctly  new  development,  in  spite  of 
the  fact  that  the  process  has  a  great  many  points  in  common  with 
the  open-hearth  production  of  mild  steel.  In  the  case  of  the  iron 
the  oxidizing  operation  under  highly  basic  conditions  is  carried 
forward  to  an  abnormal  extent.  It  is  not  too  much  to  say  that  the 
eflFort  is  made  to  do  what  has  generally  been  conceded  to  be  bad 
practice  in  an  open-hearth  furnace,  that  is  to  say,  the  metal  is 
deliberately  over-burned.  This  treatment  yields  a  bath  of  metal 
and  slag  heavily  charged  with  gas  and  in  a  highly  super-oxidized 
condition.  The  elimination  of  the  carbon  and  manganese  to  such 
low  percentages  that  they  amount  to  no  more  than  traces  makes 
this  super-oxidation  a  necessary  step  in  the  process.  Having 
obtained  the  desired  purity  with  respect  to  these  elements  the  bath 
k  given  a  heroic  treatment,*  whereby  a  thorough  deoxidation  takes 
place,  the  gas  being  at  the  same  time  satisfactorily  eliminated. 
No  difficulties  of  any  importance  are  encountered  in  the  pouring 
of  the  metal  into  the  ingot  molds.  It  would  naturally  be  expected 
that  such  treatment  as  described  might  yield  a  wild  metal  difl'icult 
to  handle  in  the  pouring,  but  this  is  not  the  case  if  the  work  has 
been  satisfactorily  i)crformed.  As  a  matter  of  fact,  the  resulting 
ingots  of  this  process  not  only  possess  great  purity  but  are  as  free 

•  ThU  d«>«idatlon  i«  mainly  accomplinhcd   In  the  furnace  Ituclf  by  the  proper  addition 
tl  high  ■Wlmn  pig  Iron,  aluminum  b«ing  u»cii  In  the  ladle  merely  ai  a  "nninhcr." 
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from  oxygen  and  gas  as  any  ingots  produced  from  well-made  mild 
steel.  If  the  oxygen  and  gases  are  not  properly  eliminated  the 
quality  of  the  metal  is  very  materially  impaired,  and  it  is  not  worthy 
of  consideration  as  a  commercial  possibility,  being  decidedly 
inferior  to  first-class  steel. 

In  the  earlier  stages  of  the  development  of  this  process  the 
elimination  of  oxygen  was  not  understood,  nor  was  it  under  proper 
control,  and  therefore  very  serious  difficulties  were  encountered  in 
the  rolling  mill  and  at  other  later  stages  of  manufacture.  As  now 
practiced,  the  process  yields  a  metal  capable  of  giving  most  excel- 
lent results  in  the  rolling  mill  and  at  all  other  stages  of  manufacture. 
The  question  of  heat  treatment  was  early  found  to  present  a  most 
important  problem,  as  the  heat  treatment  required  for  ingot  iron 
is  decidedly  different  from  that  for  mild  steel.  Very  pure  irons 
appear  to  possess  a  critical  temperature  much  more  marked  and  of 
a  wider  range  than  steel.  The  critical  temperatures  of  very  mild 
steels  and  pure  irons,  as  well  as  the  embrittling  effect  of  improper 
heat  treatment,  has  been  studied  from  the  theoretical  standpoint 
in  England  especially  by  Mr.  J.  E.  Stead.*  The  well-known 
tendency  of  the  ferrite  structure  to  produce  a  condition  of  orienta- 
tion of  the  crystals  within  a  certain  critical  temperature  zone, 
leading  to  the  probable  formation  of  cleavage  planes  and  fracture 
lines,  has  been  discussed  over  and  over  again,  and  numerous  papers 
and  discussions  of  the  phenomenon  may  be  found  m  the  Journals 
and  Proceedings  of  The  Iron  and  Steel  Institute.  The  factor  of 
safety  in  working  this  pure  iron  depends  upon  keeping  either  above 
or  below  the  critical  zone.  A  high  temperature  that  would  in 
many  cases  be  ruinous  to  mild  steel  gives  excellent  results  with 
ingot  iron  in  the  rolling  mill,  while  a  temperature  much  lower 
than  that  which  is  employed  in  the  case  of  steels  also  yields  satis- 
factory results.  Between  these  two  extremes,  however,  lies  a 
critical  temperature  zone  that  must  be  carefully  avoided.  Invest! 
gations  to  properly  define  the  boundary  lines  of  this  important  zone 
are  now  being  made.  When  these  investigations  are  completed, 
it  will  be  a  comparatively  easy  matter  to  avoid  the  danger  point. 
If,  however,  this  danger  zone  has  been  encroached  upon  in  the 
working,  it  has  been  found  that  a  subsequent  annealing  at  a  higher 


*  The  Metallographist,  Vols,  i  and  a. 
26 


402        CUSHMAX   ON   THE    MANUFACTURE    OF    PURE   IrONS. 

temperature  is  beneficial  to  a  very  marked  degree.  Tiiis  finding 
is  in  agreement  with  the  work  of  Stead,  who  found  on  working 
with  very  mild  steels  that  the  embrittling  effect  could  be  overcome 
by  an  annealing  process  in  which  the  temperature  was  carried  as 
high  as  960°  C.  It  is  impossible  at  this  time  to  give  the  actual 
limits  of  the  critical  temperature  for  this  metal,  for  not  only  is 
further  investigation  necessary  but  the  critical  temperature  will 
be  found  to  vary  within  certain  limits  according  to  the  particular 
conditions  which   are  encountered. 

The  manufacture  of  pure  iron  in  open-hearth  furnaces  when 
the  process  is  properly  carried  out  presents  serious  but  not  insur- 
mountable difficulties  in  the  furnace,  the  pouring,  and  the  working. 
It  is  necessarily  a  more  expensi\e  process  than  that  of  soft- steel 
manufacture,  owing  to  the  necessary  prolongation  of  the  heat 
and  the  higher  temperature  required  during  the  latter  stage  of  the 
operation.  For  these  reasons,  labor,  furnace  repairs,  ladle  lin- 
ings, fuel  charges,  and  the  item  of  metallurgical  waste  must  all 
be  necessarily  in  excess  of  those  encountered  in  the  making  of  soft 
steel.  The  process,  however,  holds  forth  the  same  tonnage  possi- 
bilities as  in  the  making  of  mild  steel,  and  it  permits  of  the  makirg  of 
u-on  on  a  basis  comparable  to  the  high-pressure  methods  employed 
in  modern  steel  manufacture.  It  also,  in  contradistinction  to  the 
prenous  methods  of  iron  manufacture,  permits  of  the  making 
of  iron  in  verj'  large  masses,  and  the  subsequent  rolling  of  the  same 
in  a  manner  similar  to  that  of  mild  steel.  It  is  a  well-known  fact 
that  the  greater  the  amount  of  work  that  is  given  to  iron  or  steel, 
the  more  superior  will  be  the  resulting  product.  This  permits 
the  making  of  commercial  products  out  of  iron  that  have  been 
customarily  made  of  steel  owing  to  the  steel's  superior  workability 
when  compared  with  iron  made  by  the  earlier  methods.  Such 
a  method  for  the  production  of  iron,  with  practically  the  same 
equipment  as  is  used  in  the  production  of  steel,  and  with  substan- 
tially the  same  tonnage  possibilities,  coupled  with  a  cost  not  scri 
Diisly  greater  than  that  of  steel,  certainly  seems  most  desirable- 
and  it  has,  with  good  reason,  been  favorably  received  by  the  con- 
sumers of  this  country. 

Up  to  the  present  time  ingot  iron  has  not  been  manufactured 
into  all  the  products  that  are  customarily  made  of  steel,  and  of 
charcoal  and  puddled  iron,  but  it  has  been  successfully  and  easily 
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rolled  into  billets,  slabs,  plates,  sheets,  merchant  iron,  wire,  nails, 
rivets,  pipe,  and  boiler  tubes.  A  wide  variety  of  forgings  have  also 
been  produced.  The  work  done  so  far  would  indicate  that  there 
is  no  reason  why  it  should  not  have  a  wide  and  rapidly  increasing 
use.  It  is  not  a  "cure  for  all  diseases,"  as  is  so  commonly  claimed 
for  a  new  material,  and  unquestionably  time  and  experience  will 
relegate  it  to  its  proper  sphere  of  usefulness.  In  some  cases  a  high- 
grade  product  is  unnecessar>'  and  of  no  special  advantage,  and  in 
such  cases  its  employment  is  a  useless  expense.  In  many  cases 
ingot  iron  will  be  decidedly  preferable  to  steel,  in  other  cases  not 
quite  suitable,  and  in  still  other  cases  charcoal  or  puddled  iron 
may  be  preferable  to  either  steel  or  ingot  iron.  Time  and  investiga- 
tion will  throw  more  light  on  the  subject,  but  in  the  meanwhile 
it  presents  a  splendid  and  most  interesting  field  for  the  student  of 
iron. 

The  following  are  a  few  analyses  of  normal  ingot  iron  as  it  is 
being  produced  to-day,  all  of  which  serve  to  show  the  possibilities 
of  this  process  in  the  production  of  pure  iron.  The  analyses  are 
extremely  accurate,  the  carbon  and  the  ox}'gen  being  determined 
by  combustion  with  the  special  care  necessary  in  dealing  with  the 
determination  of  such  minute  quantities: 

Table  I. — Analyses  of  Normal  Ingot  Iron. 

(I)  (2)  (3)  (4)  (5)  (6) 

Silicon 0.003  0.002  0.005  0.004  0.006  0.003 

Sulphur 0.014  0.015  0.019  0.017  0.018  0.014 

Phosphoius..   0.002  0.00 1  0.005  0.004  0.003  0003 

Carbon 0.009  o.oii  0.015  0.02  0.016  0.008 

Manganese...  0.012  0.015  Trace  0.02  0.015  0025 

Oxygen 0.024  0.020  0.021  0.016  0.022  0.019 

Copper 0.06  0.07  0.05  0.08  0.04  0.02 

Aluminum...    0.005  o.oii  0.012  0.010  0.013  Trace 

Nitrogen....    0.006  0.004  0.005  0003  0005  0.007 
Hydrogen .  .  .        ?                ?                ?               ?               ?  ? 

In  order  to  simplify  the  matter  of  following  the  normal  analysis 
of  ingot  iron  on  successive  heats,  the  writer  suggested  the  adoption 
of  a  system  which  may  or  may  not  be  new.  A  record  of  the  fluc- 
tuations in  analysis  of  the  various  elements  encountered  is  plotted 
out  so  as  to  cover  the  entire  number  of  heats  for  a  given  period. 
The  curves  as  produced  are  known  as  normalizing  curves,  and  any 
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departure  from  the  normal  practice  is  at  once  clearly  shown.     A 
number  of  the  t}'pical  normalizing  curves  are  shown  in  Fig.  i. 

Considerable  attention  has  been  paid  to  the  physical  properties 
of  this  new  iron,  and  comparisons  between  it  and  steel  and  the 
purer  forms  of  wrought  iron  have  been  made.  In  tensile  strength 
it  closely  approximates  high-grade  well-rolled  charcoal  iron,  and 
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Fio.  I. — Typical  Normalizing  Curves. 


in  elongation  and  reduction  of  area  it  not  only  equals  but  in  many 
cases  surpasses  the  finest  soft  steel.  It  is  a  well-known  fact  that 
iron  is  usually  inferior  to  steel  in  elongation  and  reduction  of  area. 
Owing  to  its  more  steel-like  qualities  in  this  respect,  therefore, 
pure  open-hearth  iron  becomes  available  for  deep  drawing  and 
•tamping  purposes  where  very  often  ordinary  wrought  iron  is 
unavailable  and  steel  must  usually  be  employed.    The  pure  ingot 
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irons,  while  perhaps  not  equal  to  mild  steel  under  certain  strenuous 
conditions,  in  most  cases  proved  themselves  to  be  adaptable. 
In  fact,  it  is  claimed  for  them — and  reasonably  so,  it  seems  to 
the  writer — that  they  appear  to  combine  to  a  high  degree  the  good 
qualities  of  both  iron  and  steel,  with  a  comparative  absence  of  at 
least  some  of  the  undesirable  qualities  of  each.  The  annealing, 
as  well  also  as  the  temperature  at  which  the  metal  is  delivered 
from  the  rolls,  the  rapidity  of  cooling,  will  all,  of  course,  just  as  in 
the  case  of  steel,  exert  a  marked  influence  on  the  tensile  strength, 
reduction  of  area,  and  elongation.  In  brief,  it  is  safe  to  state  that 
the  tensile  strength  lies  between  that  of  iron  and  mild  steel,  the 
reduction  of  area  being  usually  higher  than  mild  steel,  and  the 
elongation  about  the  same  as  mild  steel.  Tables  II  and  III  give 
a  number  of  typical  results  of  physical  tests  on  ingot  iron. 

A  fairly  wide  range  of  variation  of  elongation  and  reduction 
of  area  is  found  to  be  dependent  upon  minor  variations  in  the  deoxi- 
dizing and  purification  treatment.  Following  the  disappearance 
from  the  metal  of  the  five  ordinary  impurities  usually  taken  account 
of,  the  temperature  at  the  completion  of  rolling,  together  with  the 
rapidity  of  cooling,  exerts  a  marked  effect.  A  number  of  peculiari- 
ties have  thus  been  noted  which  are  not  as  yet  thoroughly  under- 
stood, but  on  which  much  investigation  is  being  done  that  will  later 
prove  of  decided  value  in  modifying  the  material,  the  chemical 
analysis  remaining  the  same  or  being  made  better. 

The  subject  of  the  corrosion  of  iron  and  steel  is  receiving 
so  much  attention  at  the  present  time  that  the  effort  has  been 
made  not  to  discuss  the  problem  particularly  in  this  paper. 
The  fact  remains,  however,  that  the  elimination  of  the  metallic, 
metalloidal,  and  gaseous  impurities  in  iron  can  be  made,  as  is 
shown  by  the  production  of  these  pure  irons  in  open-hearth  fur- 
naces, contributor}'  to  a  high  degree  of  excellence  and  homogeneity. 
It  would  seem  to  follow  as  a  matter  of  course  that  the  elimination 
of  the  well-known  impurities  which  are  likely  to  segregate  will 
minimize  the  tendency  toward  the  production  of  material  lacking 
in  evenness  of  texture  and  homogeneity.  The  fact  that  ver}- 
pure  irons  show  a  high  resistance  to  the  acid  test  has  very  naturally 
been  used  as  an  argument  in  their  favor.  The  consensus  of  opinion 
among  investigators  of  this  subject  seems  to  be  that  the  acid  test 
should  not  be  used  as  a  true  measure  of  corrosion  resistance  under 
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Table  II. — Results  of  Mechanical  Tests  on  Ingot  Iron  in  Form 

OP  Plates  of  Varying  Thicknesses,   Sheet-Bars,  and  Sheets. 

Material  Made  at  Various  Times  in  1910  and  191  i. 
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31  20 
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0  507 
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30.40 

69.0 

4,556-A  An. 
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1.2650 

24.735 

41,800 

33.90 

72.4 

4.556-D  An. 
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1.2700 

25.277 

41,640 

37.80 

72.55 

0.7153 
0.6754 
0.9187 

37,890 
38.380 
21.980 

66,280 
65,720 
41.700 

21.50 
24.13 
34.50 

76  7 

79.67 

3.331-1  Bare 

0.960 

77.7 

3.331-2     "    

0.953 

0  9139 

37,930 

59,610 

21.60 

65.3 

11.014  Bare 

0.785 

1.178 

34,950 

51,510 

24  8 

66.7 

11.037     '•     

0.440 

0  657 

25,150 

44,410 

33  6 

78.2 

11.027     "     

0.731 

1.970 

31,800 

65.250 

17.7 

69.0 

12.006     "     

0.770 

1  150 

38,710 

63.400 

20  0 

50.1 

13.018     '*     

0  467 

0  700 

35.500 

62.360 

18.6 

58.6 

11.079     •■     

0  587 

0.879 

24.650 

44,650 

29  6 

59.4 

13.047     "     

0.694 

1.04 

22.110 

64,900 

29  2 

62.2 

4.616     "     

0.692 

1.03 

22.200 

44,410 

38  8 

73  8 

12.055     ••     

0.503 

0.884 

23.900 

44.100 

29  7 

72.3 

12.054     •'     

0.760 

1.15 

26.750 

48,400 

21.0 

65.8 

11,088     ••     

0.668 

0.851 

36.530 

65,670 

20  7 

61.0 

13.112     "     

0.868 

1.30 

24,750 

42,450 

35  8 

77.8 

11.101     "     

0.466 

0.679 

34.500 

60.600 

25  7 

68.1 

11.094     '•     

0.698 

1.05 

22.550 

46,200 

31  2 

66.1 

n.ioo    "     

0.630 

0.795 

23.150 

62,020 

21  0 

74,6 

12.066     "     

0.750 

1.13 

22.700 

41.050 

37  0 

70.06 

12.067     ••     

0.089 

1.48 

34,430 

42.400 

37  2 

72.7 

13.103     "     

0.616 

0  776 

21.900 

43.900 

32  0 

76.9 

scnice  conditions.  While  much  can  be  said  in  support  of  this  point 
of  view  and  while  the  writer  does  not  believe  that  the  acid  test  should 
be  made  the  sole  basis  for  specification,  he  has  not  the  slightest 
hesitancy  in  recording  the  fact  that  other  things  being  equal  he 
would  advise  the  purchase  of  material  which  showed  well  in  the  acid 
test,  provided  the  prime  consideration  under  the  conditions  of 
service  was  durability  and  longevity  of  the  material. 

As  in  all  other  new  movements,  the  making  of  pure  irons  in 
open-hearth  furnaces  has  developed  unexpected  dilficulties.     Un- 
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Table  III. — Results  of  Mechanical  Tests  on  Ingot-Iron  Wirb, 

February  7-20,   191 1,  Compared  with  First-Class 

Soft  Steel. 
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doubtedly  many  mistakes  have  been  made  as  this  work  has  pro- 
gressed, but  these  have  not  been  made  with  anything  but  the  most 
honest  intention  to  profit  by  them;  and  the  belief  that  was  strongly 
held  from  the  very  beginning  was  justified,  that  eventually  order 
would  come  out  of  chaos  and  when  reasonable  perfection  had  been 
obtained  a  valuable  commercial  material  would  be  the  result. 

After  reviewing  all  the  evidence  available,  both  favorable  and 
unfavorable,  the  writer  is  willing  to  affirm  to-day  that  his  belief 
in  pure  iron  as  a  valuable  article  of  commerce  is  stronger  than  it 
ever  was  before.  He  believes  when  all  prejudices  and  interests  have 
been  left  aside,  and  when  the  truth  which  always  has  and  always 
must  prevail  is  appreciated,  that  this  new  metallurgical  movement 
will  be  recognized  as  thoroughly  in  keeping  with  and  as  a  nec- 
esssLTv  part  of  the  greater  movement  for  the  conservation  of  our 
natural  resources. 


DISCUSSION. 


The  President. — We  have  had  a  very  interesting  paper  The  President, 
on  a  very  interesting  product.  It  seems  to  me  that  Mr.  Cushman 
is  a  little  over-modest.  I  knew  of  Mr.  Campbell's  efforts  to  make 
this  very-low-carbon  steel,  which  were  it  seemed  to  me  wholly 
successful,  and  also  Mr.  McMurtry's  who  made  steel  without 
manganese.  The  reason  why  they  were  not  commercially 
successful  was  that  Mr.  Cushman  had  not  yet  appeared  on  the 
horizon.  Mr.  Cushman  and  Mr.  Walker  came  along — I  will  not 
discriminate,  I  couple  the  two  names  together  as  having  played 
a  very  important  part  in  proving  the  great  value  of  having  as 
nearly  pure  iron  as  possible.  I  will  not  attempt  to  discriminate 
between  them.  If  these  two  gentlemen  had  appeared  upon  the 
scene  before  our  beloved  friend  Campbell  was  stricken  down, 
I  think  that  he  would  have  gone  on  with  that  manufacture. 
He  had  it  almost  in  his  hand,  and  he  would  have  gone  on  with  it. 
I  have  believed  that  the  only  reason  why  Mr.  Campbell  did  not 
go  on  and  make  that  iron  by  the  tens  of  thousands  of  tons  was 
because  he  could  not  sell  it;  and  he  could  not  sell  it  because 
Mr.  Cushman  and  Mr.  Walker  had  not  yet  shown  that  it  was  a 
valuable  product. 

So  I  welcome  this  evidence  of  modesty  on  the  part  of  a  gentle- 
man who  can  well  afford  to  be  modest. 

Now  as  to  this  name  "ingot  iron  "  and  steel,  I  think  we  want 
to  go  back  quite  a  Httle.  In  the  first  place  there  were  two  kinds 
of  iron,  one  of  which  could  only  be  cast,  and  therefore  was  called 
cast  iron.  It  could  not  be  wrought,  and  so  was  not  called 
wrought  iron.  There  was  another  kind  that  could  be  wrought, 
but  could  not  be  cast,  and  it  was  therefore  called  wrought 
iron.  Then  there  came  a  third  kind  which  was  neither  the 
one  nor  the  other,  but  a  distinct  thing  which  could  be  har- 
dened, and  was  called  "steel."  These  three  classes  of  iron 
existed  until  Henry  Bessemer  and  a  few  others  came  along,  who 
for  reasons  which  we  need  not  go  into,  said  that  this  was  a  fal- 
lacious classification,  that  it  is  perfect  folly  to  say  that  steel  is 

(409) 
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The  President.  Steel  because  it  will  harden;  and  they  said  that  this  very  valuable 
kind  of  iron  which  is  cast,  which  is  malleable  when  cast,  or  is 
cast  when  malleable  into  a  malleable  steel  ingot,  was  not  steel 
because  it  had  more  carbon,  or  because  it  had  less  carbon,  but 
,  because  it  was  cast  as  a  malleable  ingot.  There  was  vigorous  resist- 
ance to  that  proposition;  but  more  than  a  quarter  of  a  century 
ago  that  resistance  stopped,  and  it  was  then  agreed  universally 
and  accepted  by  everybody,  that  that  which  is  cast  in  a  malleable 
mass,  initially  malleable,  is  steel,  whether  it  has  much  carbon, 
or  has  Uttle  carbon,  or  no  carbon.  Now  that  is  accepted.  The 
only  confusion  that  existed  up  to  a  year  or  so  ago  was  this: 
Is  blister  steel,  steel,  or  is  it  not  steel?  There  was  the  anomaly 
that  we  had  low-carbon  steel  which  might  contain  0.03  or  0.04 
per  cent,  of  carbon  and  could  not  harden  to  any  appreciable 
degree.  That  was  certainly  steel.  Then  we  had  blister  steel 
which  was  full  of  slag  and  could  harden;  and  those  two  pro- 
ducts had  nothing  in  common  except  that  they  were  made  out 
of  iron  and  were  called  steel.  They  had  the  name  of  steel  in 
common,  without  any  other  thing  in  common.  The  question 
was,  should  we  call  them  both  steel?  It  seemed  a  great  pity  to 
call  them  both  steel,  and  yet  there  did  not  seem  to  be  any  way 
out  of  it,  until  a  few  years  ago  a  very  important  committee  was 
appointed  by  our  mother  Society,  which  did  take  the  matter  up 
and  has  corresponded  with  authorities  all  over  the  world.  There 
is  good  reason  to  hope  that  it  will  remove  this  anomaly. 

Now  I  have  a  great  veneration  for  Mr.  Cushman's  judgment; 
but  I  do  hope  that  he  will  revise  and  change  his  attitude  in  this 
matter.  We  do  not  want  to  have  our  nomenclature  all  lorn  up 
again.  It  would  be  a  source  of  great  confusion,  and  I  do  not  see 
what  good  it  is  going  to  do.  It  is  true  that  this  class  of  low- 
carbon  steel  which  Mr.  Cushman  calls  ingot  iron  came  in,  and 
Mr.  Cushman  says  that  the  name  "soft  steel "  gradually  displaced 
it.  That  is  not  quite  accurate.  You  cannot  displace  a  thing 
which  never  existed.  The  name  "ingot  iron"  never  came  into 
use.  There  was  a  concern  in  South  StafTordshire  that  called 
itself  the  South  StafTordshire  Steel  Ingot  Iron  Company;  but 
with  the  exception  of  a  few  sjwradic  cases  like  that  the  term  never 
came  into  use  and  therefore  has  not  been  displaced  by  the  name 
"mild  steel."     The  name  "mild  steel"  came  into  use  and  has 
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stayed.     Nobody  has  objected  to  it,  and  I  hope  that  nobody  The  President. 

will  object,  for  it  is  a  good  name.     We  have  a  classification, 

and  I  do  not  see  why  we  should  disturb  that  classification. 

I  earnestly  hope  that  Mr.  Cushman,  than  whom  nobody  can  help 

us  more,  will  take  that  point  of  view :  that  when  we  have  a  good 

classification,  which  after  endless  struggles,  trials  and  disputes  has 

finally  been  agreed  upon  by  all  hands,  no  one  will  come  in 

and  disturb  it  by  saying  that  although  steel  from  2  per  cent. 

carbon  down  to  0.03  per  cent,  carbon  is  all  steel,  yet  when  you 

take  out  one  or  two  of  those  hundredths,  or  even  thousandths, 

it  is  no  longer  steel,  but  ingot  iron.     If  we  do  that  you  see 

what  we  are  going  to  have.     This  so-called  ingot  iron  is  a  very 

important  product.     I  do  not  mean  to  say  a  word  against  the 

product,  or  against  the  people  who  have  introduced  it.      I 

understand  that  it  has  been  done  with  great  enterprise,  and  I  do 

not  wish  to  say  a  word  against  it.    It  is  a  matter  purely  of  terms. 

And  here  I  want  to  say  that  quotations  which  Mr.  Cushman  made 

from  Dr.  Dudley  about  iron  do  not  refer  to  lowness  in  carbon, 

but  refer  to  the  presence  of  slag,  as  in  puddled  iron,  charcoal 

iron,  and  those  things,  which  are  a  class  by  themselves  because 

of  their  slag.     When  Dr.  Dudley  commended  that  iron  he  was 

not  referring  to  the  low-carbon  iron,  he  was  referring  to  the 

fact  that  it  contained  a  lot  of  slag  and  possessed  the  particular 

qualities,  the  particular  benefits  which  arise  from  the  presence  of 

that  slag. 

If  I  am  not  very  much  mistaken — and  as  to  that  Mr.  Hib- 
bard  can  tell  us  I  think — the  super-oxidation  has  run  about 
as  far  in  the  electrical  furnaces  as  in  the  American  Rolling 
Mill  practice.  Super-oxidation  is  not  a  thing  which  should  be 
the  occasion  for  giving  a  new  name  to  the  product.  By  means 
of  it  there  may  be  introduced  a  practically  new  and  valuable 
chemical  product  which  we  are  all  delighted  to  have,  but  we  do 
not  want  a  new  name.  We  have  enough  trouble  in  this  world 
without  having  to  change  our  classifications  and  nomenclature 
with  which  we  have  become  familiar  through  long  years  of  use. 
We  are  accustomed  to  calling  wrought  iron  "iron,"  and  we  do  not 
want  to  have  to  recast  our  ideas  and  say  that  "iron"  sometimes 
refers  to  slag-bearing — i.  e.,  wrought — iron  and  at  other  times  it 
is  the  absolutely  radically  distinct  product  that  Mr.  Cushman 
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The  President,  has  described.  It  seems  to  me  a  great  pity  to  introduce  this 
radically  different,  and  to  me  very  confusing,  feature  into  our 
nomenclature,  because  I  do  not  see  that  we  are  going  to  gain 
anything  by  it.  We  might  just  as  well  call  this  product  dead- 
low-carbon  steel  or  dead-soft  steel,  or  what  we  please,  but  do  not 
invent  a  practically  new  name  which  is  going  to  cause  so  much 
confusion.  Do  not  specify  this  product  as  ingot,  but  as  a  pro- 
duct containing  less  than  0.03  per  cent,  carbon.  The  South 
Staffordshire  concern  did  not  succeed  in  calling  their  product 
ingot  iron;  they  said  it  was  steel. 

Gentlemen,  I  have  spoken  too  long  on  this  subject.  I 
feel  very  strongly  upon  it,  having  struggled  with  this  very  trouble- 
some matter  of  nomenclature  more  perhaps  than  any  of  you, 
or  all  of  you  collectively. 

The  paper  is  before  you — a  very  interesting  one.  I  hope 
it  will  be  discussed  as  it  deserves. 

Mr.  Moidenke.  Mr.  Richard  Moldenke. — It  seems  to  me  that  the  crux 

of  the  whole  paper  is  in  one  point  which  was  not  described. 
The  writer  after  telling  how  all  the  impurities  were  gotten  out 
of  the  steel  at  the  expense  of  adding  oxygen  to  the  steel,  says 
that  "having  obtained  the  desired  purity  with  respect  to  these 
elements  the  bath  is  given  a  heroic  treatment,  whereby  a  thorough 
deoxidation  takes  place."    Now  what  is  that  "heroic"  treatment? 

Mr.  Cushnuin.  Mr.  A.  S.  CusHMAN. — That  IS  SL  Very  good  and  a  very 

pertinent  question.  I  do  not  think  there  is  any  great  mystery 
about  it;  it  is  simply  a  question  of  deoxidation  obtained  by  the 
addition  of  high-grade  pig  iron  at  the  proper  time  in  the  process, 
taken  in  conjunction  with  careful  control  of  the  heat  treatment 
throughout.  My  use  of  the  word  "heroic"  may  not  have  been 
a  happy  one,  but  at  the  time  I  prepared  my  paper  I  was  not 
informed  as  to  just  how  far  I  was  at  liberty  to  discuss  narrow 
details  of  operation  which  have  been  worked  out  at  great  expense, 
and  which  might  be  with  perfect  propriety  considered  as  not  ger- 
mane to  a  paper  such  as  mine,  which  only  attempts  to  give  a  gen- 
eral review  of  what  I  consider  a  new  metallurgical  development. 

The  Prc»i(]cnt.  TiiK  V  NT. — I)o  you  usc  alupiinum? 

Mr.  Cutbaun.  Mk.  (  Ahmiinum  is  used  in  the  ladle  but  net  in 

the  furnace. 

I  can  speak  for  the  manufacture  of  this  product  and  state 
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that  there  is  no  great  mystery  about  it.  There  is  novelty  in  Mr.  Cushman. 
the  fact  that  something  has  been  done  with  dehberation  which 
all  other  people  have  tried  to  avoid;  but  I  do  not  think  there 
is  any  tendency  on  the  part  of  the  manufacturer  to  make  a 
mystery  of  the  process.  I  am  sure  that  any  metallurgist  would 
be  welcome  at  the  works  and  would  be  taken  through  and  shown 
everything  that  there  is  to  be  seen.  The  reason  that  I  used 
the  term  was  simply  that  I  did  not  know  when  I  wrote  this  paper 
just  to  what  extent  I  was  privileged  under  the  conditions  that 
maintain  to  speak  for  the  manufacturers. 

Mr.  Howe,  we  must  all  admit,  is  the  dean  of  American 
metallurgy,  and  every  word  that  he  says  must  receive  the 
greatest  respect  and  consideration  on  the  part  of  all  of  us  who  are 
attempting,  in  however  slight  a  degree,  to  follow  his  footsteps. 
Nevertheless,  I  must  venture  with  due  humility  to  express  an 
opinion  which  is  evidently  not  in  agreement  with  that  of  Mr. 
Howe.  That  it  will  be  a  great  inconvenience  to  change  the  old 
nomenclature  I  will  admit.  It  has  been  a  great  inconvenience, 
gentlemen,  to  change  a  great  many  old  ideas.  Whenever  a 
proposition  is  made  to  change  from  old  accepted  standards, 
there  are  not  wanting  champions  of  conservatism  to  rally  around 
the  banner  of  resistance  to  change;  but  if  this  is  a  new  metal- 
lurgical product,  which  I  claim  it  is,  then  it  requires  a  new 
nomenclature.  We  can  show  beyond  question  that  we  have 
practically  eliminated  carbon  as  a  constituent.  Are  we  to  be 
asked  to  call  a  carbonless  metal  steel?  If  so,  then  I  believe 
we  will  be  indulging  in  a  misnomer,  for  iron  is  iron  whatever 
method  may  have  been  employed  in  its  manufacture.  Undoubt- 
edly iron  of  high  grade  and  great  purity  can  be  made  in  electric 
furnaces  and  now  if  we  can  make  iron  of  equal  purity  in  an 
open-hearth  furnace,  why  not  call  it  iron?  It  does  not  help 
matters  to  call  it  something  which  it  is  not.  It  seems  to  me  that 
so  long  as  a  metal  exhibits  a  pure  ferrite  structure  without  show- 
ing the  slightest  appearance  of  the  carbon  constituents,  it  should 
be  called  iron;  and  I  for  one  shall  continue,  as  far  as  I  am  able, 
to  resist  any  system  of  nomenclature  which  attempts  to  call 
something  something  which  it  is  not. 

Mr.   W.    H.    Walker. — I    am    much    interested    in    the  Mr.  Walker, 
analyses  of  normal  ingot  iron  which  are  given  in  Mr.  Cushman's 
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Mr.  Walker,  paper,  particularly  in  the  very  low  content  of  copper.  I  would 
ask  Mr.  Cushman  if  he  can  tell  us,  even  if  ever  so  approximately, 
the  proportion  of  the  tonnage  of  ingot  iron  which  is  represented 
by  such  analyses  as  these?  I  appreciate  that  it  must  be  only  an 
approximation. 

Mr.  Cushman.  Mr.   Cushman. — With  regard  to  the   copper   content,   I 

wish  to  say  that  we  have  found  it  very  difficult  to  control  owing 
to  the  fact  that  it  is  impossible  to  always  determine  in  advance 
the  copper  content  of  the  scrap  used.  Many  times  the  copper 
has  run  too  high  in  spite  of  every  effort  to  eliminate  it.  The 
subject  of  copper  content  has  been  made  one  of  special  study 
and  many  experiments  have  been  made  in  which  the  alloy 
field  has  been  invaded.  Undoubtedly  Mr.  Walker  is  referring 
to  the  fact  that  samples  taken  in  open  market  have  shown 
higher  percentages  of  copper  than  shown  in  the  analyses  of  normal 
ingot  iron  as  given  in  this  paper.  Much  information  has  been 
gained  and  it  is  now  possible  to  control  the  copper  content  in 
normal  practice.  The  effort  is  now  made  to  keep  it  as  low  as 
possible.  This  is  done,  not  because  we  believe  that  copper  does 
harm,  but  because  we  are  endeavoring  to  work  to  the  standard 
of  a  commercially  pure  iron.  Copper  probably  does  no  harm 
within  certain  limits.  On  the  contrary,  there  is  a  well-founded 
contention  that  when  added  to  steel  in  small  quantities  it  actually 
improves  it  in  certain  respects. 

Mr.  Hibbard.  Mr.  H.  D.  Hibbard. — The  ground  upon  which  Mr.  Cush- 

man defends  the  introduction  of  a  new  name  it  seems  to  me 
is  not  well  founded.  He  says  that  the  idea  is  to  call  something 
that  is  iron  something  else  than  iron.  But  it  would  be  very 
easy  for  him  to  get  up  a  name  that  would  be  distinctive  and  at 
the  same  time  would  not  interfere  with  anything  else  in  the 
existing  nomenclature.  This  question  of  ingot  iron  was  brought 
up  over  thirty  years  ago,  and  the  fact  was  brought  out  that  soft 
steel  whose  properties  approximated  those  of  iron,  was  called 
steel  in  order  to  add  to  its  commercial  value.  Now  the  (lucstion 
arises  whether  this  new  product  is  not  being  called  ingot  iron 
with  the  idea  that  it  add.s  to  its  commercial  value. 
Mr.  Moldanka.  Mr.   Moldknke.-   I  always  oppose  unnecessary  changes 

in  nomenclature,  because  I  realize  the  trouble  we  have  now 
with  regard  to  cast  iron  and  the  so-called  ''semi-stccl,"  which  is 
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an  absolute  misnomer  an  d  advanced  solely   for   a  commercial  Mr.  Moidenke. 
advantage. 

Mr.  J.  A.  Aupperle. — It  may  be  that  this  new  product  Mr.  Aupperie. 
which  we  call  *' ingot  iron"  will  displace  the  other  product 
"wrought  iron,"  so  that  eventually  there  will  be  no  wrought 
iron  made.  Then  we  shall  only  have  electrolytic  iron  as  a 
chemical  curiosity.  Shall  we  then  have  no  more  commercial 
iron  and  shall  the  element  "iron"  be  called  steel  simply  because 
it  has  been  melted? 

According  to  the  suggestion  of  Mr.  Howe  pure  iron  made 
in  an  open-hearth  furnace  should  be  classed  as  steel.  Electroly- 
tic iron  if  melted  would  be  classed  as  steel,  and  wrought  iron,  if 
melted,  becomes  steel,  even  though  it  becomes  purer  by  melting. 

Mr.  E.  F.  Kenney. — I  should  like  to  ask  Mr.  Cushman  if  Mr.  Kenney. 
it  was  not  formerly  their  practice  to  use  in  this  "heroic  treat- 
ment" ferro-silicon  rather  than  pig  iron;  and  if  so  why  they 
changed  it?  In  a  paper  written  by  Mr.  Carnahan  of  The  Ameri- 
can Rolling  Mill  Company,  he  spoke  of  the  elimination  of  oxygen 
by  ferro-silicon.  That  was  some  months  ago.  I  should  like 
to  know  if  there  was  a  change  made,  and  if  so,  why? 

Mr.  Cushman. — I  can  only  reply  to  that  by  saying  that  Mr.  Cushman. 
we  do  not  use  ferro-silicon  now. 

Mr.  Kenney. — But  you  did?  Mr.  Kenney. 

Mr.  Cushman. — Yes.  Mr.  Cushman. 

Mr.  Albert  Sauveur. — How  does  the  weldability  of  this  Mr.  Sauveur. 
ingot  iron  compare  with  the  weldability  of  wrought  iron? 

Mr.  Cushman. — It  has  given  very  excellent  results  in  that  Mr.  Cushman. 
respect.    When  the  critical  temperature  is  known  and  avoided 
there  is  no  trouble  encountered  in  welding. 

Mr.  G.  L.  Fowler. — I  can  add  a  word  to  what  Mr.  Mr.  Fowler. 
Cushman  has  said  in  regard  to  the  weldability  of  ingot  iron. 
I  have  been  using  some  recently  for  a  flowing-in  process  of  weld- 
ing. We  found  in  making  attempts  to  weld  large  sections,  such 
as  locomotive  frames,  that  it  was  almost  impossible  to  make  a 
good  weld  with  any  kind  of  metal,  although  we  got  better  results 
with  ingot  iron  than  with  any  other;  but  on  small  sections,  from 
I  to  f  in.  thick,  there  is  no  metal — mild  steel,  or  anything  else 
—that  can  equal  the  American  ingot  iron  with  either  the  acety- 
lene blow-pipe  or  electric  process  of  welding. 
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Mr.  MacFarland. 


Mr.  Cushman. 


Mr.  Beck. 


Mr.  Marburg. 

Mr.  Beck. 

Mr.  Cushman. 


Mr.  H.  B.  MacFarland. — I  should  like  to  ask  a  question 
relative  to  the  physical  characteristics  of  this  ingot  iron  as  shown 
by  the  tables  in  the  paper.  I  note  a  considerable  variation 
between  the  elastic  limit  and  the  elongation,  in  some  cases  as 
much  as  loo  per  cent.  Can  Mr.  Cushman  give  us  any  informa- 
tion as  to  the  cause  of  this  variation? 

Mr.  Cushman. — Mr.  Beck  is  present.  He  has  had  charge 
of  all  these  physical  tests  for  several  years,  and  I  should  be  very 
glad  if  he  would  reply  to  that  question. 

Mr.  \V.  J.  Beck. — In  regard  to  the  physical  tests  as 
reported  in  the  paper,  I  would  say  that  the  variations  in  the 
results  came  about  from  the  different  temperatures  of  heating 
the  bar  as  it  passed  through  the  mill.  Sometimes  a  bar  is  allowed 
to  cool  a  little  more  than  at  other  times,  and  therefore  one  bar 
may  be  annealed  more  than  another.  This  list  of  tests  is  given 
to  show  the  wide  range  that  is  possible  with  the  material. 

Mr.  Edgar  Marburg. — Is  the  term  "elastic  limit"  used 
here  in  its  commercial  sense  of  "yield  point?" 

Mr.  Beck. — Yes. 

Mr.  Cushman. — I  should  like  to  add  one  word  which  I  did 
not  include  in  my  paper,  gentlemen,  and  which  will  also  explain 
some  of  these  points.  We  are  of  necessity  at  the  present  time 
making  the  material  in  small  bottom -poured  ingots  which 
necessarily  leads  to  a  somewhat  underworked  metal.  This, 
however,  will  be  improved  when  the  product  is  made  in  larger 
ingots  which  will  be  subjected  to  the  blooming  mill  operation. 


THE  HEAT  TREATMENT  OF  AN  ACID  AND  A  BASIC 
OPEN-HEARTH  STEEL  OF  SIMILAR  COMPOSITION. 

By  Henry  Fay. 

It  is  generally  conceded  from  the  results  of  the  work  of  Camp- 
bell, and  of  Webster,  that  acid  open- hearth  steel  is  superior  in 
quality  to  a  basic  steel  of  similar  composition,  but  so  far  as  the 
writer  knows  no  attempt  has  ever  been  made  to  see  whether  or 
not  the  superiority  holds  for  variously  heat-treated  specimens. 
To  test  this,  two  steels  were  selected  of  the  following  composition : 

Acid  Open-Hearth.  Basic  Open-Hearth. 

Carbon o .  430  per  cent.  o .  420  per  cent. 

Manganese 0.600      "      "  0.600      "     " 

Phosphorus 0.027      "      "  0.009      "     " 

Silicon 0.067      "      "  o  °33      "     " 

Sulphur 0.050      "      "  o.oss 

These  two  steels  were  made  under  the  same  conditions  for 
similar  purposes,  one  in  a  basic  furnace  and  the  other  in  an  acid 
furnace.  The  similarity  in  composition  is  quite  remarkable,  the 
chief  differences  being  the  phosphorus  and  silicon  as  would  be 
expected. 

The  steel  was  received  in  the  form  of  bars,  2  by  f  by  24  ins., 
and  was  used  in  this  form  for  heat  treatment.  The  heating  was 
accomplished  in  an  electrically  heated  muffle  furnace,  and  tempera- 
tures were  determined  by  means  of  a  thermo-couple  of  platinum 
and  platinum-rhodium. 

Each  steel  was  subjected  to  the  following  heat  treatment:  (i) 
heated  to  a  definite  temperature  and  immediately  cooled  in  air; 
(2)  heated  to  a  definite  temperature,  held  constant  for  two  hours, 
and  then  cooled  in  air;  (3)  heated  to  a  definite  temperature  and 
cooled  in  the  furnace;  (4)  heated  to  a  definite  temperature,  held 
constant  for  two  hours,  and  then  cooled  in  the  furnace.  The  results 
of  the  physical  tests  on  each  series  are  shown  in  Table  I,  Series  i, 
2,  3,  and  4,  respectively. 

The  bars  after  heating  were  machined  into  i8-in.  test  bars 
with  a  parallel  section  i^  ins.  wide  and  9  ins.  long  between  the 
shoulders.  The  section  in  the  jaws  of  the  testing  machine  was 
2  ins.  wide. 
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Series  i. 


Table  I. 

Heated  to  a   Definite  Temperature  and 
Immediately  Cooled  in  Air. 


Specimen. 

Temperature,         o?^"^.l 
deg.  Cent.            Strength, 
lbs.  per  sq.  m. 

Elastic 

Limit, 

lbs.  per  sq.  in. 

Elongation 
in  8  ins., 
per  cent. 

Reduction 
of  Area, 
per  cent. 

A 

B 

700         !         78,300 
700          1         72,600 
750          1         77.500 

35,300 
33.500 
34,200 
32,200 
33,700 
30,500 
44,000 
38,500 
40,200 
36,800 

21.1 
22.6 
22.2 
21.5 
18.8 
18.8 
20.4 
24.2 
18.8 
25  0 

_• 

A 

n 

750 
800 
800 
900 
900 
1000 
1000 

70,300 
79.800 
73.500 
81,700 
74.200 
81,700 
73.000 

A 

D 

A 

B 

A 

B 

Series  2.     Heated  to  a  Definite  Temperature,  Held  Constant 
FOR  Two  Hours,  and  then  Cooled  in  Air. 


A 

700 

B . 

700 

A 

750 

B 

750 

A 

800 

n 

800 

A 

900 

B 

900 

A 

1000 

B 

1000 

75,100 
67,800 
75,700 
68,200 
79,700 
68,300 
77.200 
68.100 
79.700 
68,900 


37,200 
29,600 
35,400 
33,400 
35,800 
32,800 
34,400 
32,500 
34,200 
32.400 


21.1 
27.0 
14.5 
14.0 
22.3 
22.3 
21.2 
20.8 
20.8 
20.4 


Series  3. 


A 
h 

A 
B 
A 
B 
A 
B 
A 
U 


Heated  to  a  Definite  Temperature  and  Cooled  in  the 
Furnace. 


700 

67,000 

33,500 

14.8 

44.2 

700 

70.800 

26.100 

18.7 

44.8 

750 

80.100 

38.700 

21.0 

45.6 

750 

6<i.900 

30.000 

23.4 

48.7 

800 

80.200 

37.500 

21.8 

42.7 

800 

72.200 

38,200 

22.7 

44.5 

000 

73.600 

39,800 

21.8 

41   1 

000 

65.700 

33.800 

28.9 

41  8 

1000 

73.100 

33,700 

22.6 

37  » 

1000 

68.100 

20.100 

25  7 

?8.0 

Series  4.     Heated  to  a  Definite  Temperature,  Held  Constant  kor 
Two  Hours,  and  then  Cooled  in  the  Furnace  . 


A 

B 
A 

B 
A 
It 
A 

h 


700 
700 
750 
7fiO 
800 
800 
000 
000 
1000 
1000 


77,030 

37.990 

66.670 

33.200 

74.680 

38.200 

07.400 

34,200 

71.300 

37,(500 

6.1.600 

31,800 

72.500 

37.0(X) 

72,300 

.•M.4()0 

71.200 

37.000 

04.000 

34,300 

14.0 

01.8 

24.3 

44.6 

33.4 

61.4 

35.0 

45.6 

25.0 

47.4 

36.5 

48  4 

23  4 

37  H 

22  0 

36  4 

22  3 

30.8 

21.8 

87.8 

A Add  sImL     B Baiic  ttMl.     •  Not  d«t«nnin«d. 
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Tests  on  the  original  bars  were  made,  and  gave  the  following 
results : 


Tensile 

Strength. 

lbs.  per  8q.  in. 

Elastic 

Limit, 

lbs.  per  sq.  in. 

Elongation 
in  8  ins., 
per  cent. 

Reduction 
of  Area, 
per  cent. 

Acid 

85.400 
73.500 

43.700 
37.700 

20.30 
25.00 

43  2 

39  6 

The  results  obtained  on  the  heat-treated  specimens  are  given 
in  Table  I. 

These  results  are  very  incomplete  and  are  to  be  considered  jis 
qualitative  rather  than  quantitative,  but  nevertheless  they  seem  to 
show  the  superiority  not  only  of  the  acid  steel  as  originally  received 
from  the  mill,  but  also  when  subjected  to  varied  heat  treatments. 
This  difference  cannot  be  accounted  for  by  the  carbon ,  as  the  results 
of  the  analyses  were  checked  by  two  independent  workers  and  these 
in  turn  checked  against  the  mill  analyses.  The  maximum  variation 
in  percentage  of  carbon  can  hardly  be  more  than  0.03  per  cent.,  and 
if  it  were  so  considered,  it  could  not  account  for  \ariations  in  tensile 
strength  of  from  6,000  to  10,000  lbs.  per  sq.  in.  Whether  or  not 
these  differences  can  be  accounted  for  by  the  phosphorus  and  silicon, 
both  of  which  are  higher  in  the  acid  than  in  the  basic  steel,  only 
more  extended  investigations  will  show.  To  a  person  not  connected 
with  a  mill  it  would  be  difficult  to  follow  these  results  to  the  logical 
conclusion,  and  they  are  now  offered  with  the  hope  that  they  ma}' 
be  of  some  value  to  others  who  may  wish  to  csLrry  the  investigation 
further. 

The  microstructure  of  the  various  bars  was  studied  with  the 
hope  that  some  differences  might  be  found,  but  there  was  a  marked 
similarity  throughout.  In  the  original  specimens  as  received  from 
the  mill  the  basic  steel  seemed  to  show  the  effect  of  work  slightly 
more  than  the  acid  steel. 

The  heat  treatment,  however,  did  not  have  the  usual  effect. 
In  the  specimens  heated  to  the  higher  temperatures,  beginning  at 
900°  C,  there  was  a  very  considerable  tendency  for  the  pearlite 
areas  to  become  more  dense  in  appearance  and  to  segregate  along 
lines  parallel  to  the  direction  of  forging.  There  was  very  little 
tendency  toward  the  usual  enlargement  of  the  grain,  except  in 
limited  areas. 


DISCUSSION. 


The  President.  The  PREsmENT. — As  I  understand  it,  IVIr.  Fay  practically 

confirms  the  work  of  Mr.  Harbord  and  others  sho\Ndng  that  we 
had  very  good  reason  to  suspect  that  the  acid  open-hearth  steel 
was  as  a  whole  for  some  reason  or  other  better  than  basic;  but 
we  wish  that  Mr.  Fay  would  go  a  little  further  and  show  us  why 
that  is,  for  we  have  no  agreement  as  yet  as  to  the  reason  for 
the  superiority  of  one  process  of  manufacture  over  another. 
If  the  reason  for  such  superiority  can  be  made  clear,  then  possi- 
bly by  some  perfection  of  the  inferior  process  it  might  be  improved 
to  a  quality  equal  to  that  of  the  superior. 

Mr.  Aupperie.  Mr..  J.  A.  AupPERLE. — Mr.   Chairman,   I   would   suggest 

in  case  of  acid  op>en-hearth  steel  that  a  study  of  the  hydrogen, 
oxygen  and  nitrogen  contents  might  be  of  use  in  accounting  for 
the  higher  physical  values  of  the  acid  steel. 

Mr.  Boynton.  Mr.  H.  C.  Boynton. — I  should  like  to  ask  Mr.  Fay  if  he 

has  made  any  other  chemical  tests  than  those  noted,  particularly 
for  oxygen,  hydrogen  and  copper,  and  as  to  their  influence  on  the 
properties  of  the  steel  in  question?  The  company  with  which 
I  am  associated  makes  both  grades  of  open-hearth  steel  corre- 
sponding very  closely  to  the  analysis  given.  We  have  found  that 
oxygen  has  undoubtedly  some  influence  on  the  properties  of 
steel. 

Mr.  Fay.  Mr.  Henry  Fay. — No  Other  tests  than  those  indicated  have 

been  made.  The  work  was  done  some  time  ago,  and  I  have  with- 
held the  results  for  several  years,  hoping  that  some  time  I  might 
be  able  to  take  it  up  more  in  detail.  I  have  presented  it  at 
the  present  time  more  for  the  purpose  of  promoting  discus- 
sion than  of  offering  anything  definite.  I  think  the  determi- 
nation of  oxygen,  nitrogen  and  hydrogen  would  be  extremely 
important.  Certainly  in  future  work  those  determinations 
.should  be  made. 

The  Pre.ident.  'J'liE  PRESIDENT. — The  oxygcn  qucstion  connects  itself  very 

readily  with  the  basic  process,  in  which  we  have  a  slag  much 
richer  in  oxide  of  iron  than  in  the  acid  process;    hence  the  prob- 
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ability  that  the  steel  under  that  slag  is  also  richer  in  iron  oxide  The  President. 

in  the  basic  than  in  the  acid  process.    I  think  that  the  readiness 

with  which  the  basic  open-hearth  forms  blowholes,  and  all  of 

the  phenomena  that  we  are  so  familiar  with  there,  point  to  that 

as  probably  one  reason  for  the  superiority  of  the  acid  steel; 

the  slag  is  much  freer  from  iron  oxide. 


STUDY  OF  THE  HEAT  TREATMENT  OF  SOME 
LOW-CARBON  NICKEL  STEELS. 

By  Henry  Fay  and  J.  M.  Bierer. 

The  increasing  importance  of  low-carbon  nickel  steels  has 
made  it  desirable  and  necessan-  to  study  in  detail  the  effect  of 
varying  heat  treatment  upon  the  physical  properties,  and  further, 
to  determine  the  relationship  between  physical  properties  and 
microstructure.  For  this  purj)ose  we  selected  two  steels,  one  con- 
taining 3.15  per  cent,  and  a  second  containing  3.50  per  cent,  of 
nickel.  It  was  impossible  to  get  commercial  steels  with  the  carbon 
percentages  exactly  the  same,  but  from  the  analysis  it  will  be  seen 
that  the  difference  is  extremely  small.  It  was  not  our  purpose  to 
establish  exactly  the  relationships  between  composition,  physical 
properties,  and  microstructure,  but  rather  to  place  "land- marks" 
for  the  guidance  of  the  users  of  such  steels.  Even  to  those  who 
have  occasion  to  use  similar  steels  we  wish  to  express  a  word  of 
warning  in  applying  these  results  to  large-size  specimens,  as  all 
of  our  results  were  obtained  on  small  pieces.  What  is  true  of  these 
small  sf)ecimens  may  not  necessarily  hold  absolutely  for  larger 
pieces. 

The  two  steels  used  for  the  investigation  were  made  by  the 
open-hearth  process  and  had  respectively  the  following  analyses: 


Steel 

I. 

Steel  2. 

Nickel 

315  per 

cent. 

3 .  50    per  cent 

Carbon 

0.35     " 

.'    0.34 

Manganese* ... 

.0.63     " 

o.Oo       "       " 

Silicon 

.    trace    " 

0.16       "       " 

Phosphorus . 

0.027   *' 

0.030     "       " 

Sulphur 

0  016  " 

0.014     " 

The  bars  used  in  the  heat  treatment  were  round,  I  in.  in 
diameter,  and  5  ins.  long.  After  treatment  they  were  cut  into  the 
standard  4j-in.  test  specimen,  one  inch  of  the  end  l)oing  reserved 
for  microscopical  examination. 

The  heat  treatment  was  carried  on  in  an  elatriially  luated 
mulBe  furnace  of  such  si/e  tiiat  three  specimens  could  be  heated 
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Table  I. — Physical  Properties  of  3.i5-per  cent.  Nickel  Steel. 


Heat 

Temper- 

Elastic 

Tensile 

Ileduction 

Elongation 

Treatment. 

ature, 

Limit, 

Strength, 

of  Area, 

in  2  iBH., 

deg.  Cent. 

lbs.  per  sq.  in. 

lbs.  per  sq.  in. 

per  cent. 

per  cent. 

Original  specimen . 

48.000 

90,500 

56.7 

28.0 

Air-cooled 

050 

47,000 

93,300 

46.3 

27.5 

*• 

700 

48,000 

92,000 

49.0 

27.5 

" 

750 

48,000 

91,800 

53.2 

27.5 

'• 

800 

50  000 

94  000 

57  7 

27  6 

" 

850 

49.000 

91,500 

56.6 

26.5 

" 

900 

48.000 

93.900 

56.0 

26.5 

•' 

950 

51,000 

95.800 

55.1 

26.0 

"         "      

1000 

47,000 

94.500 

51.8 

24.0 

Furnace-cooletl .  .  . 

050 

47,000 

89,200 

58.3 

27.6 

700 

40,000 

91,500 

58.3 

27.5 

750 

44,000 

86,250 

53.5 

27.5 

800 

51,000 

87.800 

54.2 

28.0 

850 

49,000 

85,900 

52.0 

28.0 

900 

48,000 

88.200 

51.5 

28.0 

950 

40.000 

87,400 

52.0 

28.0 

**             *'      .  .  . 

1000 

4:^.000 

88,200 

51.1 

27.5 

Oil-cjuenched 

650 

51,000 

93,000 

57.9 

28.0 

**            " 

700 

47,000 

86,700 

60.5 

28.0 

••          .  «• 

750 

50.000 

90,600 

64.7 

27.5 

**            " 

800 

03.000 

98,700 

63.6 

26.0 

850 

60.000 

100,300 

64.1 

26.0 

"            "       

900 

02,000 

96,700 

62.3 

26.6 

"            "       

950 

02.000 

98,900 

61.8 

26.5 

1000 

56.000 

96,500 

61.6 

26.8 

Table  II. — Physical    Properties    of  3.50-PER  cekt.  Nickel    Steel. 


Heat 
Treatment. 


Original  specimen 
Air-cooled. . 


Furnace-cooled 


Temper- 
ature, 
deg.  Cent. 


Elastic 

Limit, 

lbs.  per  sq.  in. 


( )il-(i\U'iichri 


600 
650 
700 
750 
800 
850 
900 
950 

1000 
600 
050 
700 
750 
800 
850 
900 
950 

1000 
000 
050 
700 
750 
800 
850 
900 
950 

1000 


57,000 
50.000 
52,000 
51,000 
47,000 
48,000 
61,000 
61,000 
64,000 
52.000 
55.000 
55,000 
54.000 
47.000 
49,000 
50,000 
59.000 
57.000 
51,000 
56,000 
53,000 
53.000 
46,000 
53.000 
69,000 
69.000 
72,000 
71.000 


Tensile 

Strength. 

lbs.  per  sq.  in. 


Reduction 
of  Area, 
per  cent. 

51.2 

54.4 

56.5 

57.9 

56.3 

55.3 

53.8 

51.4 

50.3     . 

50.8 

55.7 

57.6 

58.0 

59.0 

54.0 

54.3 

53.9 

53.7 

50.0 

.57.1 

58.1 

59.0 


Elongation 
in  2  iu.'<., 
per  cent. 


27.5 
28.0 
29.0 
29.0 
28.0 
28.0 
27.5 
26.0 
26.5 
22.5 
28.6 
28.5 
28.5 
28.5 
29.0 
30.0 
28.6 
29.0 
25.0 
28.6 
28.5 
28.5 
28.6 
28.0 
27.6 
27.5 
27.0 
25.5 
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70 
60 
50 

^    40 

c 

^    30 

20 

10 

0 

100.000 

90,000 

80,000 

■^  70.000 

5  60,000 


Ultimate  Strength^ 


J{_  50.000 


1 

3  4c;ooo 

a. 

30,000 

20.000 

10.000 


Cooled  in  Air 

Cooled  in  Furnact 

Quenched  in  Oil 


650      700      750       800       650       900       950      1000 
Temperature,  Degrees  Centigrade 

Pio.  I. — 3.i5.per  cent.  Nickel  Steel. 
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20,000 


10,000 


Cooled  in  Air 


Cooled  in  Furnace 

Quenched  in  Oil 


600       650       700       750        800       850        900        950       1000 
Temperature,  Degrees  Centigrade- 


Fig.  2. — 3.50-per  cent.  Nickel  Steel. 
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simultaneously.  The  temperature  was  measured  by  means  of  a 
thermo-couple  connected  with  a  Siemens-Halske  millivoltmeter. 
The  couple  was  placed  permanently  in  the  furnace  through  a 
hole  in  the  rear  wall.     All  temperatures  are  accurate  within  5°  C. 

Each  set  of  three  specimens  was  placed  in  the  cool  furnace, 
heated  to  the  desired  temperature,  and  held  at  this  temperature 
for  a  period  of  two  hours.  At  the  end  of  this  time  one  was  quenched 
in  oil,  a  second  was  allowed  to  cool  rapidly  in  air,  and  the  third  was 
allowed  to  cool  slowly  in  the  closed  furnace.  All  oil-quenched 
specimens  were  subsequently  annealed  two  hours  at  600°  C. 

The  results  of  the  physical  tests  are  given  in  Tables  I  and  II, 
and  are  shown  diagrammatically  in  Figs.  1  and  2. 

It  will  be  noted  from  these  results  that  in  general  the  oil- 
quenched  specimens  give  the  highest  values  for  tensile  strength, 
elastic  limit,  and  reduction  of  area;  the  next  highest  values  are 
those  of  the  air-cooled  specimens,  and  the  furnace-cooled  speci- 
mens give  the  minimum  values.  This  is  true  of  both  steels  with 
a  few  exceptions.  In  the  3.i5-])er  cent,  nickel  steel,  the  speci- 
men heated  to  700°  C.  shows  a  lower  tensile  strength  and  elastic 
limit  than  the  corresponding  air-cooled  specimen.  This  is,  how- 
ever, explained  by  the  fact  that  oil  (juenching  from  700°  had 
practically  no  hardening  effect  upon  the  metal. 

It  is  also  noticeable  that  the  ma.ximum  values  are  reached  at  a 
temj)erature  considerably  above  the  critical  temperature  of  cither 
steel.  This  does  not,  however,  necessarily  mean  that  heating  to 
high  temperatures  is  desirable,  but  on  the  contrary  it  would  seem 
advisable  to  heat  higher  than  the  critical  temperatures,  at  which 
point  some  writers  seem  to  think  the  best  results  are  obtained. 
Our  experience  is  not  in  accord  with  this  latter  statement,  except 
for  high-carbon  steels.  The  most  suitable  temperatures  for  the 
heat  treatment  of  these  two  steels  lie  between  800°  and  850°  C,  At 
these  temperatures  air  or  furnace  cooling  or  oil  cjuenching  pro- 
duces very  satisfactory  results. 

In  the  case  of  the  3.50-j)er  cent,  nickel  steel,  greater  values 
for  strength  may  be  obtained  at  the  higher  temj)eratures  but  at  the 
same  time  the  structure  of  the  steel  has  become  very  much  coarser 
due  to  the  higher  heating. 

The  microstructurc  of  these  steels  is  similar  to  that  of  carbon 
•teels.    Whether  the  material  is  oil-(]ucnched,  air-  or  furnace- 
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cooled,  annealing  for  two  hours  at  temperatures  below  750°  C. 
produces  little  or  no  change  of  the  original  structure  and,  it  might 
be  added,  changes  the  physical  values  only  slightly.  At  8cx?°  there 
is  a  very  decided  change  and  all  specimens  show  an  extremely  line 
structure.  The  structure  at  850°  is  likewise  fine,  but  at  higher 
temperatures  the  structure  begins  to  grow  coarse  and  is  coarsest  at 
the  highest  temperatures.  In  the  specimens  oil-quenched  at 
1000°  there  is  no  granulation,  but  there  is  evidence  of  crystalliza- 
tion in  the  metal.  The  time  element  is  also  an  important  factor, 
but  it  was  not  thought  desirable  to  continue  the  heating  longer 
than  two  hours.  Prolonged  heating  would  undoubtedly  have 
produced  a  coarser  grain  in  all  except  those  specimens  which 
were  oil-quenched  between  800°  and  900°  C. 

The  authors  wish  to  express  their  gratitude  to  Mr.  Jackson, 
of  the  Bethlehem  Steel  Company,  for  furnishing  the  material 
used  in  this  investigation. 


THE  HEAT  TREATMENT  OF  A  STEEL  CONTAINING 
3.15  PER   CENT.   NICKEL  AND   0.27  PER  CENT. 
CARBON. 

By  William  Campbell  and  H.  B.  Allen. 


Introduction. — The  subject  of  nickel  steel  has  received  con- 
siderable attention,  notably  by  D.  H.  Browne,*  and  A.  L.  Colby. t 
Stoughton  in  his  IMetallurg}^  of  Iron  and  Steel  says  that  about  3.5 
per  cent,  of  nickel  added  to  carbon  steel  will  increase  the  elastic 
limit  nearly  50  per  cent,  while  reducing  the  ductility  only  about 
15  to  20  per  cent.  About  3.5  per  cent,  of  nickel  will  give  steel 
appro.ximately  six  times  the  life  in  resistance  to  fatigue.  Under 
the  heading  of  "Nickel  Steel:  Forging  Quality,"  the  following 
figures  are  given: 

Chemical  Composition,  per  cent. :  C,  0.25-0.30;  Mn,  0.5;   Ni,  3.3. 

Elastic  limit,  lbs.  per  sq.  in /  '^9.270 

«■  57.300 

Tensile  strength,  lbs.  per  sq.  in /     7.3  'o 

I  77,800 

Elongation  in  2  ins.,  per  cent 


Reduction  of  area,  per  cent 


(34 
^3i-S 
I  58 

163 


Guillet,  in  a  paper  on  "  Steels  used  for  Motor  Car  Construction 
in  France,"!  gives  the  following  figures: 


Stool. 

Conditiua. 

Tensile 

StrcKKtb, 

tuas. 

Elaatio 
Limit, 
tons. 

Elonga- 
tion, 
per  cout. 

Tn» 

Nlekal. 
per  oeat. 

Carbon, 
per  oeot. 

1 
3 

1  to2 
3.2Ato8.A 

0.8  to  0.4 
0.3  U>  0.35 

( Aa  rolled 

•^Quenched  at  8OOOC.) 
lAnaealedatfiOOOC.; 

(AurollH 

•(QiipiirhcUtSOO^r.  J 
lAnn.-nl.'.liit.VX)"»C.; 

31.75  to  38 
44.5  to  57 

35  to  41 
54  to  00 

20  to  34 
35  to  47 

21.5  to  25.6 
42  to  54.5 

87  to  30 

10  to  12 

25  to  20 

11  to  14 

•  TroHsaetiffHS,  Amtriean  JnstUuU  of  MMnt  Enginttrs,  Vol.  ao.  iSoo,  p.  sCio- 
t "  A  Compariaoo   ot   Certain    Physical    Fro{>ertiea    of    Nickel  and  Carbon  Stocl,' 
Bthtohwn  8twl  Company,  tooj. 

{  Journal,  Irom  amd  Slt*t  lniiitHt«.  V<il.  t.  luoS,  p.  177. 
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Waterhouse*  studied  the  heat  treatment  of  a  series  of  steels 
with  3.8  per  cent,  nickel  and  0.41  to  1.52  per  cent,  carbon,  and 
found  that  they  behaved  the  same  as  ordinary  carbon  steels  as 
regards  temperature  and  microstructure.  Overheating  was  quite 
perceptible  between  1100°  and  1200°  C.  As  compared  with 
ordinary  carbon  steels  the  critical  points  Ari-3  are  20°  lower  for 
each  per  cent,  of  nickel. 

Southerf  recommends  for  a  steel  of  3.3  to  3.6  per  cent,  nickel, 
0.2  to  0.3  per  cent,  carbon,  0.5  to  0.8  per  cent,  manganese,  the  fol- 
lowing heat  treatment:  "After  forging,  heat  to  1550°  F.  (844°  C.) 
and  quench  in  oil.  Reheat  to  8oo°-iooo°  F.  (426°-537°  C.)  and 
cool  slowly." 

In  an  annealed  condition  this  steel  will  have  an  elastic  limit 
of  about  60,000  lbs.  per  sq.  in.  and  a  reduction  of  area  of  over  50 
per  cent.  After  heat  treatment  an  elastic  limit  of  90,000  lbs.  per 
sq.  in.  and  a  reduction  of  area  of  over  50  per  cent,  is  obtained. 
This  strength  can  be  increased  by  quenching  in  water  or  in  brine 
and  by  varying  the  drawing  temperature.  It  is  possible  to  obtain 
an  elastic  limit  of  120,000  lbs.  per  sq.  in.  with  at  least  40  per  cent, 
reduction  of  area.  The  endurance  of  steel  so  treated  under  vibra- 
tion or  alternate  stress  is  at  least  ten  times  that  of  a  steel  in  an 
annealed  condition. 

Outline  of  the  Research. — Material  used:  Open-hearth  steel; 
carbon  0.27,  nickel  3.15,  manganese  0.65  per  cent.  Rounds, 
|-in.  diameter.     Cold  drawn. 

1.  Determination  of  critical  points  and  of  refining  temperature 
(by  microstructure). 

2.  Heat  to  various  temperatures  from  600°  to  1350°  C.  and 
cool  (a)  in  air,  (b)  in  furnace;  (c)  quench  in  water,  (d)  in  oil. 

3.  Heat  to  temperature  giving  maximum  strength,  when 
quenched  (900°  C.)  and  (a)  quench  in  water,  (b)  quench  in  oil, 
and  then  draw  at  200°  to  660°  C.  and  cool  in  air. 

The  physical  properties,  elastic  limit,  tensile  strength,  elonga- 
tion in  2  ins.,  and  reduction  of  area,  were  determined  under  (2)  and 
(3)  and  the  microstructure  of  the  series  compared. 

Determination  of  Critical  Points. — \  piece  of  steel  f  in.  in 
diameter  and  i  in.  long  was  used,  with  a  small  hole  drilled  to  center. 

*  Proceedings ,  Vol.  VI,  igo6,  pp.  247-258. 
t  Society  of  Automobile  Engineers,  1910. 
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The  time  and  temperature  were  recorded  by  means  of  a  stop- 
watch and  Platinum  -  Platinum-Iridium  couple  and  Siemens- Halske 
galvanometer.     The  heating  was  done  in  an  electric  furnace. 

Aci begins  670°  C max.  695"  C. 

Ac2-3 "       725 "     750.     Ends  780 (?). 

Ar3 "       795(?) "     76°- 

Ar2. "       725 "     (705)660. 

An "       630 "     590. 

To  check  the  point  Ac 2-3  or  the  refining  temperature,  a  piece 
of  steel  was  heated  to  about  1300°  C.  and  cooled  in  the  furnace. 
Pieces  were  reheated  to  680°,  710°,  720°,  750°,  790°  C,  etc.,  and 
slowly  cooled.  The  piece  heated  to  720°  still  showed  traces  of  over- 
heating, while  that  heated  to  750°  was  refined.  .  The  piece  heated 
to  790°  showed  a  coarser  grain. 

Hence  we  may  say  that  AC2-3  is  complete  at  750°  C,  which  is 
about  75°  lower  than  for  ordinary  carbon  steel. 

Heat  Treatment. — ^The  test  bars  were  heated  in  a  gas  forge, 
using  a  double  iron  muffle  to  insure  uniform  heating.  The  tem- 
perature was  controlled  by  a  thermo-couple  enclosed  in  a  quartz 
tube.  The  time  of  heating  was  from  35  to  50  minutes,  and  the 
bars  were  held  at  the  maximum  temperature  for  five  minutes  to 
insure  uniform  conditions.  The  furnace  was  then  opened  and 
three  bars  were  withdrawn,  one  to  cool  between  two  bricks  in  air, 
another  quenched  in  about  30  gallons  of  water  at  room  temperature, 
and  the  last  quenched  in  oil.  The  furnace  was  closed  up  and  the 
fourth  bar  allowed  to  cool  there. 

In  Table  I  are  given  the  physical  properties  of  the  bars  heated 
to  various  temperatures  and  cooled  in  air.  At  the  bottom  of  the 
list  is  No.  16,  the  steel  as  received.  Reheating  to  700°,  i.  e.,  above 
Ac  I  decreases  the  elastic  limit  as  shown  in  No.i6,j,  while  the 
increase  in  elongation  is  marked  as  we  should  expect.  The  next 
heat,  No.  i6„,  to  750°  C.  (AC2-3)  gives  the  maximum  ductility.  At 
1200°  C.  (No.  i6jg)  there  is  a  marked  increase  in  strength  and  a 
corresponding  falling  off  in  ductility.  This  becomes  very  marked 
ati35o°C.  (No.  i7„,). 

In  Tabic  II  are  given  the  physical  properties  of  the  bars  cooled 
in  the  furnace.  Heating  to  610°  C.  (No.  i6j,)  lowers  the  elastic 
limit  and  increases  the  ductility,  because  heat  treatment  even  below 
the  critical  i)oints  has  marked  effects  on  the  properties  of  material 
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that  has  been  worked  cold.  As  before,  heating  to  750°  C.  gives  the 
greatest  ductihty,  but  even  the  i20o°C.  heat  shows  little  difference, 
showing  that  slow  cooling  may  mask  overheating. 

The  physical  properties  of  the  quenched-in-water  bars  are 
given  in  Table  III.     The  sharp  jump  between  No.  1635  and  No.  i6i(i 

Table    I. — 'Bars  Heated  to  Different  Temperatures  and  Cooled  in 

Air. 


Cooled  in 

Elaxtic 

Ultimate 

Elongation 

Reduction 

No. 

Air  from 

Limit, 

Strength, 

in  2  ins., 

of  Area. 

— °C. 

Iba.  per  aq.  in. 

lbs.  per  sq.  in. 

per  cent. 

per  cent. 

16u 

700 

66.630 

90.370 

33  5 

62.8 

IG74 

750 

67.400 

89,500 

37,5 

64.4 

I617 

800 

63.600 

89,000 

34.5 

50.5 

IOm 

900 

59.660 

86.500 

35.0 

58.7 

IC23 

1000 

58,240 

87,840 

33.0 

69.7 

I622 

1100 

59,000 

88,300 

32.5 

60.5 

I629 

1200 

71,740 

93,340 

25.0 

42  3 

17«.2 

1250 

63,360 

93,400 

22.5 

35  0 

17«.2 

1300 

69,700 

95,500 

36  2 

1748.2 

1350 

77.200 

98,400 

io.o 

11.5 

16 

As  received. 

83.170 

93.175 

27.0 

58.7 

shows  that  at  700°  C.  Aci  has  been  passed,  thus  confirming  tlie 
other  determinations.  The  ma.ximum  tensile  strength  of  275,800 
lbs.  per  sq.  in,  occurred  in  the  bar  heated  to  870°  C.  (No.  16^0). 
The  tensile  strength  remains  high  to  1200°  C.     The  results  on 

Table  II. — Bars  Heated  to  Different  Temperatures  and  Cooled  in 

Furnace. 


Cooled  in 

Elastic 

Ultimate 

Elongation 

Reduction 

No. 

Furnace 

Limit. 

Strength. 

in  2  ins.. 

of  Area, 

from  — °  C. 

lbs.  per  sq.  in. 

lbs.  per  sq.  in. 

per  cent. 

per  cent. 

16» 

610 

71.650 

91.100 

32.0 

61  0 

I612 

700 

60.350 

86.700 

36  0 

59  0 

I615 

750 

61.400 

86.700 

39  5 

58.8 

16i« 

800 

85.300 

37.0 

54.8 

162, 

900 

53.240 

84.710 

34  5 

59.6 

I624 

1000 

52.490 

85,760 

33  0 

55 . 1 

I62, 

HOG 

51,650 

84,400 

35.0 

59.4 

1630 

1200 

51,390 

83,800 

35.0 

54.9 

16 

As  received. 

83,170 

93,175 

27.0 

68.7 

quenched  bars  are  liable  to  var)',  as  seen  by  comparing  the  three 
heats  to  900°  C.  This  is  due  in  part  to  the  slight  set  formed  in 
the  quenched  bars  at  times.  Howe\er,  there  are  enough  data  to 
show  that  the  strength  does  not  fall  off  immediately  above  the 
maximum  as  has  been  claimed. 

Table  IV  gives  the  physical  properties  of  the  bars  quenched  in 
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oil.  The  tensile  strength  is  high  but  somewhat  below  that  of  the 
water-quenched  bars.  The  elastic  limit  shows  a  falling  off  which 
may   be  accidental.     (Bar  17,^,  quenched  at  900°,  shows  such  a 

Table  III. — Bars  Heated  to  Different  Temperatures  and  Quenched 

IN   Water. 


Quenched 

Elastic 

Vltiniate 

Elongation 

Reduction 

No. 

in  Water 

Limit, 

Strengtli, 

iu  2  ins.. 

of  Area, 

from  — °  C. 

Iba.  per  sq.  in. 

lbs.  per  sq.  in. 

per  cent. 

per  cent. 

10s 

610 

81.300 

101,000 

27.0 

54.5 

10:7 

665 

72,370 

94.480 

25.5 

64.0 

10.* 

680 

67,240 

103,950 

16,0 

700 

136.900 

153,200 

14.0 

16,1 

750 

197,000 

211,200 

2.5 

4.4 

16m 

800 

223,000  ( •) 

223,000 

1.0 

2  4 

16» 

820 

146,450 

230.650 

2  0 

4.5 

16], 

850 

139,100 

162,800 

10:. 

870 

168,360 

275,800 

3.0 

7.0 

174^, 

895 

252,300 

2.5 

4.1 

16it 

9G0 

112,200 

233,800 

17a 

900 

159,380 

208,150 

2.0 

7.9 

10m 

900 

118.200  (?) 

253,780 

2.6 

6.3 

17,,., 

025 

245,200 

4.0 

6.8 

16„ 

945 

206,400 

205.000 

2.6 

6.6 

16».i 

080 

228,500 

2.0 

8.7 

16a 

1000 

147.500 

164.300 

0.0 

4.4 

17«., 

1000 

252.000 

6.5 

16s 

1100 

230,900 

16a 

1200 

234,000 

17«., 

1250 

155,000 

0.0 

4  9 

17,7., 

1300 

96.400 

1.0 

16 

As  rcceive<l. 

83.170 

93.175 

27.0 

58.7 

large  reduction  of  area  that  it  cannot  be  correct.  It  may  have 
been  drawn  from  the  oil  too  soon.  Bar  1743 ,  is  therefore  taken 
as  the  standard  in  Table  VI.) 

The  data   given  in  Tables  I  to  IV,  inclusive,  are   shown 
graphically  in  Fig.  i. 

Table  IV. — Bars  Heated  to  Different  Temperatures  and  Quenched 

IN  Oil. 


>., 

Quenched 

in  Oil 
from— "C. 

ElMtio 

Limit. 

Iba.  per  •().  in. 

Ultininte 

Strength. 

Iba.  per  aq.  In. 

ElouKatiou 
iu  2  ins., 
per  cent. 

lleilurtiou 
of  Area, 
per  cent. 

17««.t 
17«».j 

M6 
000 
925 

geo 
1000 

197.300 
101.400 
102.800 
119.700 
99.2«)0 

230.000 
202.7.30 
229.. TOO 
231.400 
235.200 

10  0 
12  5 
10  0 
8.5 
10  0 

20,0 
rA  2 
20  0 

23  0 

24  2 

The  next  part  of  the  work  was  the  reheating  of  quenched  bars; 
and  the  cjuestion  arose  as  to  the  best  temperatures  for  the  initial 
(|ucnching.  Looking  over  the  results  obtained  as  shown  in  Fig.  1, 
we  «ce  that  there  is  marked  similarity  between  the  air-  and  furnace. 


Campbell  and  Allen  on  Nickel  Steel. 


433 


600       700       800       900       1000       llOO      1200      1300      WOO 
Maximum  Temperature   of  Heating.,  Degrees  Centigrade 


Fig.  1. 
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cooled  bars  as  regards  tensile  strength  and  elastic  limit,  the  air- 
cooled  in  general  being  the  stronger.  This  tits  in  with  carbon 
steels  generally.  The  ductility  of  the  furnace-cooled  bars  is  just 
a  little  greater,  but  the  difference  in  all  properties  is  not  so  marked 
as  in  carbon  steels.*    The  falling  off  at  1 200°  C.  shows  overheating. 

In  regard  to  the  quenched  bars,  Aci  is  well  marked  on  the 
tensile-strength  cune  and  by  the  drop  in  ductility  at  700°  C.  The 
upper  point  AC2-3  at  750°  C.  would  be  expected  to  show  near  the 
ma.ximum  strength  and  minimum  ductility.  The  elastic  limit  of 
this  heat  is  high  but  the  maximum  for  tensile  strength  is  at  870°  C. 
This  is  probably  due  to  the  rate  of  cooling  in  the  quenching  pro- 
cess. It  may  be  that  we  have  to  be  well  above  the  critical  point 
to  get  the  maximum  effect. 

In  regard  to  the  best  temperature  for  initial  quenching  for  the 
material  to  be  tempered,  the  choice  lay  between  just  above  AC2-3, 
say  760°  C,  and  870°  to  900°  C.  where  the  maximum  strength  was 
obtained.  The  latter  temperature  was  chosen  because,  since  t  he 
grain  was  much  coarser  than  at  760°,  the  process  of  tempering 
could  be  followed  more  easily  in  studying  the  microstructure. 

Six  bars  were  heated  to  900°  C,  quenched  in  water  and 
then  reheated  Id  200°,  300°,  400°,  500°,  600°  and  650°  C.  in  an 
electric  furnace  and  cooled  in  air.  The  time  of  tempering  was 
about  45  minutes  at  maximum  temperature.  Six  bars  which  had 
been  cjuenched  in  oil  from  900°  C.  were  similarly  treated. 

Table  V  shows  the  effect  of  quenching  in  water  followed  by 
tempering.  The  original  quenching  gives  a  low  ductility,  elon- 
gation 2  per  cent.,  reduction  of  area  about  8  per  cent.  Reheating 
to  200°  C,  while  lowering  the  strength,  increases  the  elongation  to 
12  per  cent,  and  the  reduction  of  area  to  54  per  cent.  In  order  to 
find  if  tempering  was  effective  at  much  lower  temperatures,  two 
more  pairs  of  bars  were  heated  to  900°  C,  quenched,  and  drawn 
to  150°  and  175°  C,  These  are  bars  1723.8  and  1733.7  water 
quenched,  and  1724. »  and  17,^7  oil  quenched.  Therefore,  being 
quenched  in  another  heat,  these  bars  are  not  strictly  comparable 
with  the  other  six  of  the  series.  However,  while  maintaining  a 
high  tensile  strength,  the  ductility  is  increased  enormously  by 
reheating  to  150**  C.    These  results  are  so  remarkable  that  the 

*  "On  tlM  IIcAt  Treatmrat  of  M«diun).C«rbon  8t««l,"  WUlUm  Campbell.    Procndtngs, 
VoL  VII,  1907,  pp.  a4o-t5i. 
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work  will  be  repeated  with  a  series  tempered  between  ioo°  and 
200°  C. 

Table  V. — Bars  Heated  to  900*0.,  Quenched  in  Water  and   Re- 
heated TO  Variou§  Temperatures. 


Elastic 

Ultimate 

Elongation 

Reduction 

No. 

Reheated 

Limit. 

Strength, 

in  2  ins., 

of  Area, 

to  — "  C. 

lbs.  per  sq.  in. 

lb3.  per  sq.  in. 

per  cent. 

per  cent. 

1723 

,0 

159.380 

268,350 

2  0 

7.9 

17sj.8 

150 

206.000 

230,000 

15.0 

45  0 

17j3.7 

175 

183,500 

219,600 

15.0 

47.0 

1723.« 

200 

196,000 

233,500 

12.0 

54.0 

1723.1 

300 

166.140 

189,070 

14.0 

68.8 

1723.2 

400 

139.700 

153,730 

15  5 

59  9 

172J.J 

500 

112.580 

126,690 

19  0 

62.7 

1723.4 

600 

91.815 

105,160 

26.0 

68.5 

1723.. 

650 

70,300 

93.760 

30.0 

69.0 

16 

AS  received. 

83,170 

93.175 

27.0 

58.7 

Table  VI  shows  the  effect  of  quenching  in  oil  and  reheating. 
The  results  are  not  so  markedly  different  as  in  Table  V,  but  from 
200°  C.  the  effect  of  reheating  is  uniform.  At  650°  C.  we  get 
back  almost  to  the  original  steel  with  a  little  more  ductility. 

Table  VI. — Bars  Heated  to  yoo*' C,  Quenched  in  Oil  and  Reheated 
TO  Various  Temperatures. 


Elastic 

Ultimate 

Elongation 

Reduction 

No. 

Reheated 

Limit. 

Strength, 

in  2  ins., 

of  Area, 

to  — "  C. 

lbs.  per  sq.  in. 

lbs.  per  sq.  in. 

per  cent. 

per  cent. 

17«.2 

.0 

197.300 

236.000 

10  0 

29.0 

1724.8 

150 

167.700 

221,500 

14.0 

35.0 

1724.7 

175 

161.500 

217.000 

15.0 

38.0 

1724.. 

200 

183.450 

221.580 

14  5 

54.6 

1724.1 

300 

159,630 

184,150 

14.0 

55.7 

1724.2 

400 

142,900 

157,750 

16  0 

61.6 

1724.3 

500 

117,070 

128,470 

20.0 

62.9 

1724.4 

600 

98,820 

106,140 

25.0 

67  8 

1724.5 

650 

72,920 

94.640 

30.0 

68.9 

17 

As  received. 

83,170 

93,176 

27.0 

68.7 

Fig.  2  shows  these  results  graphically,  and  the  uniformity 
above  200°  C.  shows  that  the  tempering  effects  vary  uniformly  with 
the  temperature. 

From  the  above  results  we  may  select  the  following  for  com- 
parison with  other  material : 


No. 

Heated  to 
900" C.  and 
Quenched. 

Reheated 
to  — °  C. 

Elastic           Ultimate       Elongation 
Limit.        1     Strength,          in  2  ins., 
lbs.  per  sq.  in.  lbs.  per  sq.  in.      per  cent. 

Reduction 
of  Area, 
per  cent. 

1723.8 
1724.« 

In  water  .  .  .           200 
In  oil    '          200 

196.000            233,500               12.0 
183,450            221,580               14.6 

54.0 
54.6 
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Fig.  2. 
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No. 

Treatment. 

Microatructure. 

16 

f  Fine-grained  mixture  of  ferrite  and  pearlite. 

t  Outside  shows  more  ferrite  and  effect  of  cold  drawing. 

Coarse  grain.     Cliaracterislic  overheated  structure. 

16o 

Heated  to  white,  cooled 

16, 
16? 
16» 

Hoated ;  reheated  to — 
680°  C 

Pearlite  refined(?).     Ferrite  unrefined. 

71C°C 

720°  C 

A  trace  of  coarse  ferrite  unabsorbed 

16tt 

750°  C 

Refined  completely 

I65 

790°  C 

I64 

810°  C 

820°  C 

Grain  sljghtly  coaraer  than  last. 

I61 

850°  C 

I63 

885°  C 

Grain  coarser.     A  few  large  grajna. 
Grain  coarser.     A  few  large  grains. 

Fine  grains  of  ferrite  in  austenite. 
Very  fine-grain  martensite. 
Slightly  coarser  martensite. 
Slightly  coarser  martensite. 
Much  coarser  martensite. 
Coarser  martensite. 

1722 

900°  C 

17,0 
17i, 

17,6 
1733 

17,» 

1744 

Heated  to — 

700°  C.  and  quenched 
750°  C.     " 
800°  C.     " 
850°  C.     " 
900°  C.     " 
1015°  C.     " 

Microstructure. — The  structure  of  this  steel  shows  the  same 
variation  of  ferrite  and  pearlite  as  normal  low-carbon  steel.  The 
quenched  material,  however,  is  more  difficult  to  etch.  The  best 
results  on  quenched  and  tempered  material  were  obtained  with 
2  per  cent,  nitric  acid  in  alcohol  followed  by  a  slight  re-polish  to 
get  rid  of  the  stain. 

The  overheated  material  is  clearly  seen  to  be  refined  at 
750°  C,  which  is  at  a  much  lower  temperature  than  for  a  corres- 
ponding carbon  steel.* 

Quenching  at  700°  C.  gives  a  fine-grain  mixture  of  ferrite 
and  austenite  (martensite),  while  by  quenching  at  750°  we  have 
nothing  but  martensite.  The  higher  the  temperature  above  this 
the  coarser  the  grain. 

Tempering,  of  course,  has  no  effect  on  the  grain  size,  but 
affects  the  martensite  itself,  decomposing  it  more  and  more  and 
therefore  making  it  etch  more  and  more  deeply.  In  other  words 
the  change  gives  us  pseudoinorphs  after  austenite.  The  higher 
the  temperature  of  reheating  the  greater  the  decomposition  or 
change.  Lastly,  some  work  on  the  effect  of  time  of  tempering  shows 
that  at  300°  C.  there  is  a  marked  difference  between  tempering 
for  a  half  hour  and  18  hours.     This  work  is  to  be  continued. 

Table  VII  gives  the  principal  changes  in  microstructure. 

*  "Further  Notes  on  the  Annealing  of  Steel,"   William  Campbell.  Proceedings,  Vol.  X, 

I9IO,  pp.    IP3-20O. 
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Cojidusions. — A  steel  with  3.15  per  cent,  nickel,  0.25  per  cent, 
carbon,  and  0.65  per  cent,  manganese,  may  be  refined  by  heating 
to  750°  C,  which  is  about  75°  lower  than  for  an  ordinary  carbon 
steel. 

Hardening  is  complete  when  quenched  from  this  temperature, 
but  higher  tensile  strength  was  obtained  by  quenching  around 
900°  C. 

Overheating  becomes  marked  above  1200°  C. 

Tempering  of  bars  quenched  in  water  or  oil  gives  very  imiform 
increase  in  ductility  and  decrease  in  strength,  the  change  varying 
very  uniformly  with  the  temperature  of  reheating,  till  at  650°  C. 
the  properties  are  very  nearly  those  of  the  original  steel,  having  a 
slightly  lower  elastic  limit  and  greater  reduction  of  area. 


SOME  CAUSES   OF  FAILURES   IN   METALS. 
By  Henry  Fay. 

In  the  history  of  the  testing  of  metals  there  have  been  devel- 
oped various  methods  for  ascertaining  whether  or  not  the  metal 
in  question  vi^as  suited  for  some  particular  purpose.  The  first  of 
these  methods  to  be  developed  to  any  extent  was  the  purely  me- 
chanical test  and  this  for  a  considerable  period  of  time  was  the  only 
method  available.  By  this  method  it  was  possible  to  determine 
the  tensile  strength,  the  elastic  limit,  the  reduction  of  area,  the 
elongation,  hardness,  etc.,  all  of  which  were  important,  but  in  some 
cases  where  the  amount  of  material  was  limited  this  method  was 
not  applicable.  Especially  was  this  true  in  cases  where  only  a 
fragment  of  the  material  was  available  for  experimentation. 

To  supplement  this  method,  chemical  tests  were  applied  and 
much  valuable  additional  information  was  obtained.  The  applica- 
tion of  analysis  was  hailed  with  delight,  and  it  was  predicted  that 
chemical  analysis  would  entirely  supplant  mechanical  testing. 
This  claim,  however,  was  extravagant  and  it  was  found  that  both 
chemical  and  physical  tests  did  not  furnish  all  of  the  data  necessary 
to  explain  some  of  the  phenomena.  This  was  particularly  true 
in  those  cases  where  samples  of  steel  of  like  composition  had 
been  subjected  to  different  heat  treatment  in  the  process  of  manu- 
facture. In  such  cases  chemistry  could  give  litde  or  no  additional 
information  as  to  the  causes  of  variation  in  the  physical  proper- 
ties. In  most  cases,  however,  chemistry  was  able  to  throw  much- 
light  upon  the  properties  of  materials,  and  by  the  studies  of  many 
investigators  the  effects  of  carbon,  manganese,  phosphorus,  silicon, 
sulphur,  and  other  elements  were  accurately  determined. 

A  third  method  of  testing,  the  metallographic  method,  was 
developed,  and  this  not  only  supplemented  the  information  ob- 
tained by  the  physical  and  chemical  tests,  but  was  able  in  many 
cases  to  fill  in  the  gaps  where  the  others  yielded  little  or  no  informa- 
tion. Extravagant  claims  were  also  made  for  metallography  as 
for  cheniistry,  and  these  claims  were  modified  as  the  experience 
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of  time  demanded.  At  the  present  time  metallography  is  a  valua- 
ble asset  to  the  testing  engineer,  and  is  frequently  sufficient  in 
itself,  but  is  more  often  used  in  conjunction  with  the  other  methods 
of  testing.  Its  particular  uses  are  in  experimental  work  where 
studies  of  new  alloys  are  being  conducted,  in  studies  involving  the 
heat  treatment  of  steels,  and  in  the  pathological  studies  of  material 
failing  in  service. 

I  do  not  wish  to  go  into  the  history  of  metallography  and  will 
assume  that  its  principles  are  known,  but  I  would  like  to  present 
several  cases  of  its  application  to  the  pathological  study  of  ordnance 
material.     In  this  field  it  is  highly  important  to  properly  diagnose 


Pio.   I. 

the  cause  of  failure  so  as  to  avoid  a  repetition  of  the  disease.  When- 
ever possible,  metallographic  tests  have  been  made  in  conjunction 
with  physical  and  chemical  tests,  but  it  will  be  seen  from  some  of 
the  results  obtained  that  the  diagnosis  was  really  based  on  metal- 
lographical  data. 

The  first  case  which  I  shall  report  is  that  of  a  very  expensive 
tube  forging  about  35  ft.  in  length,  with  walls  4  ins.  thick,  and 
internal  diameter  10  ins.  This  tube,  after  having  been  in  service 
for  some  time,  developed  a  crack  on  the  inner  side  about  2  ft.  in 
from  the  end  which  would  correspond  to  the  bottom  of  the  ingot. 
The  crack  was  irregular,  not  completely  continuous,  and  varied  in 
width  throughout  its  length  as  shown  in  Fig.  i.    It  also  varied  in 
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depth,  extending  much  further  into  the  metal  in  the  central  por- 
tion, and  at  this  point  it  branched  to  some  extent. 

Samples  for  chemical  analysis  were  taken  from  (i)  three  holes 
drilled  in  the  immediate  neighborhood  of  the  crack,  and  from  (2) 
the  other  end  of  this  forging.     The  results  obtained  are  as  follows: 

(0  (2) 

Carbon o  •  47   per  cent.  o .  46    per  cent. 

Manganese 0.72     "  "  0.70       "       " 

Phosphorus 0.024  "  "  0.023      "      " 

Sulphur 0.024  "  "  0.024      "      " 

Silicon o.  188  "  "  o.  195      "      " 

There  is  nothing  to  criticize  in  this  analysis  and  hence  it  gives 
no  clue  to  the  cause  of  failure. 

For  physical  tests,  eleven  specimens  i  by  i  by  6  ins.  were  cut 
from  the  neighborhood  of  the  crack,  some  longitudinal  or  parallel 
to  the  direction  of  forging,  others  tangential,  and  one  in  a  semi- 
radial  direction.  In  addition,  two  specimens  were  cut  from  the 
remote  end  of  the  forging,  one  tangential  and  the  other  longitu- 
dinal.    The  results  of  the  physical  tests  are  shown  in  Table  I. 

Table  I. — Results  of  Physical  Tests. 
From  Neighborhood  ok  Crack. 


Specimen 

Tensile 

Strength, 

lbs.  per  sq.  in. 

Elastic 

Limit, 

lbs.  per  sq.  in. 

Elongation 
in  2  ins., 
per  cent. 

Reduction 
of  Area, 
per  cent. 

1 

91,000 
91,000 
90,500 
91,000 
88,500 
89,000 
89,000 
88,000 
92,500 
92,000 
92,500 

53,500 
53,500 
61,500 
51.500 
50,000 
51,500 
.52,500 
.50.. 500 
54,000 
54,000 
54.500 

27.0 
27.0 
24.5 
24.0 
24.5 
27.5 
27.0 
23.0 
25.0 
26.5 
26.0 

59  8 

2 

59  8 

3 

43  3 

4 

43  4 

5 

49   1 

6 

59  8 

7 

57  2 

8 

43  3 

g 

57  2 

10 

67  2 

11 

69  8 

From  Remote  End  of  Forging. 


Longitudinal . 
Tangential.  . . 


88,000 
83.000 


53,000 
38,500 


29.0 
25.0 


62.2 
34.0 


From  an  inspection  of  these  results  it  is  evident  that  the  metal 
is  uniform  and  of  good  quality,  and  that  the  crack  was  not  induced 
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by  the  use  of  poor  metal.  The  chemical  and  physical  tests  are 
confirmator)'  in  every-  respect  and  yield  no  clue  to  the  cause  of  the 
failure. 

The  specimens  cut  out  for  physical  tests,  before  turning  to 
size,  were  all  rough-polished  on  two  sides,  and  etching  experiments 
were  made  to  see  if  segregation  could  be  detected.  For  etching 
purposes,  a  freshly  prepared  6-per  cent,  alcoholic  iodine  solution 


r 


^x-. 


ru 


(7) 


(S) 


(9) 


and  an  8.5-pcr  cent.  coj)pc'r  ammonium  chloride  solution  were 
used.  The  latter  solution  is  strongly  recommended  by  Heyn  * 
who  has  used  it  to  detect  segregation  of  phosphorus,  carbon,  slag, 
cold-worked  spots,  etc.  He  recommends  one  gram  of  copi)cr 
ammonium  chloride  to  twelve  of  water  and  the  time  of  etching  as 
one  minute.     As  a  general  rule  this  solution  is  more  reliable  than 


•  Pract»Hm0,  tmlrmational  At$ociatu>H  fttr  TtMling  Mattrials,  1906. 
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the  iodine  solution,  especially  if  the  latter  is  not  freshly  prepared, 
but  the  iodine  solution  gives  results  which  are  better  suited  for 
photographic   reproduction. 

These  two  reagents  confirmed  each  other  in  every  respect. 
The  results  of  these  etching  tests  are  shown  in  Figs.  2,  3,  4  and  5. 


Fio. 


Fig. 


Characteristic  markings  are  shown  in  each  specimen  and  the  rela- 
tionship to  the  position  in  the  original  ingot  is  well  defined.  Heyn 
has  shown  that  in  material  in  which  there  is  some  segregated  phos- 
phorus the  spots  where  the  segregation  occurs  are  marked  by  a 
more  firm  adherence  of  the  deposited  copper  to  these  areas  than 
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Fig.  6.      X  40. 


i'iU.    7.      ;\  40. 


/ 


I-'lO.   8,       X  40. 


Fio.  9.     X  40. 
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to  the  non-phosphoric,  and  by  their  taking  on  a  bronze  color. 
This  statement  was  contirmed  by  trial  of  the  copper  so'ution  on  a 
specimen  of  cold-rolled  shafting  known  to  be  segregated.  On  the 
same  specimen  the  alcoholic  iodine  solution  left  the  phosphide 
areas  much  brighter  than  the  surrounding  material.  Parallel 
lines  of  segregated  phosphide  areas  are  shown  in  Specimens  5 
and  8  in  Figs.  2  and  3  respectively,  and  the  cross-section  of  similar 
lines  is  shown  in  Specimens  3  and  9.  These  parallel  lines  are 
extended  in  the  direction  of  forging  and  hence  define  the  vertical 
axis  of  the  ingot.  In  all  sections  cut  parallel  to  the  vertical  axis, 
the  phosphide  lines  are  parallel  or  verj'  nearly  so  except  in  the 
region  of  the  crack,  and  this  is  well  indicated  in  Figs.  4  and  5. 
The  significance  of  this  fact  will  be  referred  to  again. 

The  cross-sections  of  these  parallel  lines  therefore  define  the 
horizontal  axis.  On  all  sections  etched  on  faces  parallel  to  the 
horizontal  axis,  in  addition  to  the  phosphide  marking,  there  is 
developed  the  "fir-tree"  structure  which  is  characteristic  of  the 
original  ingot.  This  is  ])roof  positive,  therefore,  that  the  working 
and  heat  treatment  of  this  forging  had  not  been  properly  done, 
otherwise  the  ingot  structure  would  have  been  eliminated  entirely. 
Notwithstanding  this  defect,  the  physical  tests  are  good,  but  cir- 
cumstances might  arise  where  the  ingot  structure  would  be  decid- 
edly detrimental. 

That  the  metal  did  not  receive  the  best  of  heat  treatment  is 
shown  in  the  coarsely  granular  structure  as  indicated  in  the  photo- 
micrograph, Fig.  6. 

Since  the  normally  parallel  lines  of  phosphide  of  iron  are 
considerably  distorted  near  the  crack,  it  is  reasonable  to  suppose 
that  the  metal  in  this  region  has  been  much  distorted.  It  is  highly 
probable  that  this  distortion  has  been  produced  by  a  fold  having 
been  made  in  the  metal  during  the  time  of  forging.  Evidence  in 
favor  of  this  view  is  obtained  by  microscopic  exi)loration  of  this 
region.  If  a  fold  has  taken  place,  there  should  be  found  evidence 
in  the  form  of  slag,  particularly  of  oxide  of  iron,  within  the  metal. 

Figs.  7  and  8  show  straight  and  branching  lines  of  slag  with 
some  individual  and  finely  divided  particles.  This  is  characteristic 
of  this  region.  Both  photographs  show  the  unetched  metal.  In 
Fig.  9  is  shown  a  photograph  of  the  metal  etched  with  picric  acid. 
At  the  upper  right-hand  side  is  seen  a  crack  and  this  leads  into  a 
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globule  of  slag.  Surrounding  the  crack  and  slag  there  is  a  decar- 
bonized area,  which  is  distinctly  visible  in  etched  specimens 
taken  from  the  region  of  the  crack. 

The  presence  of  slag  and  the  decarbonized  areas  are  signiticant. 
The  decarbonized  area  indicates  fairly  clearly  the  nature  of  the 
slag,  for  it  is  easily  believable  that  if  a  fold  in  the  metal  had  taken 
place  during  the  process  of  forging  it  would  enclose  a  considerable 
amount  of  mill  scale,  or  magnetic  oxide  of  iron.  Further,  decar- 
bonization  by  this   mill  scale  would   readily  take  place   at  the 


Fig.    lo.      X  40. 

temperature  of  forging,  as  is  so  frequently  found  in  forged  bars 
which  show  less  carbon  on  the  outside  than  on  the  interior. 

The  presence  of  slag  in  a  decarbonized  area  is  further  shown 
in  Fig.  10  and  is  especially  well  shown  in  Fig.  11,  where  we  have  a 
small  island  of  slag  embedded  in  its  carbonless  area,  and  this  in 
turn  surrounded  by  the  normal  structure  of  the  metal. 

In  previous  paj)crs*  it  has  been  shown  that  cracks  are  in- 
duced not  only  by  slag  included  in  the  melal,  but  that  when  once 
formed  the  crack  will  follow  along  and  through  the  slag  into  good 
metal.    It  seems  then  that  the  crack  in  this  tube  may  be  accounted 

*  "A  MicrtMccipic  InvrstiRatiiiti  of  Drukeii  Stoel  RaiU:  Man(iancii«  Sulphide  ai  ft 
Soufca  ri(  DftiTKer,"   Hrnry  Pmy.     ProrfriiiN^t,  Vol.  VIII,  igoH,  pp.  74  g|. 

"Further  lnvc*tii(atiun«  of  Drokrn  Steel  Riiilii."  Henry  Pay  and  K.  W.  G.  Wiiit. 
Protttdimgi,  Vul   IX.  itfoo.  pp.  77- H8. 


Fay  on  Causes  of  Failures  in  Metals,  447 

for  by  the  folding  in  of  magnetic  oxide  of  iron  during  the  process  of 
forging  the  metal.  The  fold  was  apparently  welded  together,  and 
was  not  noticeable  during  the  machining.  Later,  when  the  metal 
was  subjected  to  severe  strain,  cracks  opened  up  and  soon  ex- 
tended deeper  into  the  metal  until  it  was  found  necessary  to 
remove  it  from  service.  It  has  been  further  demonstrated  that 
the  forging  and  annealing  did  not  remove  the  original  ingot  struct- 
ure, and  that  the  micro-structure  was  not  entirely  satisfactory. 
Physical  and  chemical  tests  do  not  offer  any  explanation  as  to 


Fig.   II.     X  40. 

the  causes  of  failure,  but  metallographic  methods  seem  to  offer  a 
comi)letely  satisfactory  one. 

The  second  case  which  I  wish  to  present  is  that  of  a  broken 
gun  lever  for  a  14-in.  gun,  A  fracture  was  developed  in  the  posi- 
tion shown  in  Fig.  12.  Whether  the  crack  existed  before  the  lever 
was  placed  in  position  it  is  impossible  to  state,  but  if  it  did  exist, 
it  was  not  evident  to  ordinary  inspection. 

The  metal  was  cast  steel  of  the  following  composition: 

Carbon o  .  60  per  cent. 

Mangane^t- o .  68 

Phosphorus 0.05 

Sulphur 0.05 

Silicon 0.29 
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For  physical  tests  a  number  of  pieces  were  cut  out  near  the 
fracture.  The  results  of  these  tests  showed  that  the  metal  did  not 
meet  the  specifications,  which  demanded  the  following : 

Tensile  strength,  lbs.  per  sq.  in 85,000 

Elastic  limit,  lbs.  per  sq.  in 45,000 

Elongation,  per  cent 12 

Reduction  of  area,  per  cent 18 

The  coupons  from  which  the  original  tests  were  made  to  de- 
termine the  acceptance  or  rejection  of  the  metal,  probably  gave 
these  values  on  account  of  the  smaller  mass  of  metal  concerned. 

The  stems  of  the  test  bars  all  showed  cracks  after  the  metal 
had  been  under  tension.     This  is  shown  in  Fig.  13.     Subsequent 

.^ 


Fig.   12. 

examination  of  the  microstructure  showed  these  cracks  to  have 
taken  place  at  the  j^oints  where  there  was  considerable  segregated 
ferrite,  as  shown  in  Fig.  14. 

Microscopic  examination  was  made  of  each  one  of  the  bars 
and  there  was  revealed  in  each  a  very  considerable  amount  of  slag, 
which  is  evident  in  the  ferrite  areas  of  Figs.  14,  15,  16  and  17. 
This  undoubtedly  lowered  the  ductility  of  the  metal  to  a  very  con- 
siderable degree.  Further,  there  was  found  a  very  uneven  dis- 
tribution of  the  ferrite  and  pearlite  areas,  as  shown  in  all  of  the 
photographs  just  mentioned.  In  Fig.  14,  as  already  stated,  the 
ferrite  is  segregated  on  the  edge  of  the  specimen  and  this  part  of  the 
metal  gave  way  before  the  test  piece  broke  as  a  whole.  Evidently 
the  place  where  the  greatest  segregation  of  ferrite  has  taken  place 
will  determine  the  jx)int  of  fracture,  for  the  strength  of  the  ferrite 
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is  considerably  less  than  that  of  the  carbonized  area.     The  ferrite 
is  also  weakened  by  the  inclusion  of  slag. 

All  steel  castings  should  be  annealed  before  being  placed  in 
service,  not  only  to  remove  casting  strains  but  also  to  get  the  metal 
into  the  best  possible  form.  This  gun  lever  has  undoubtedly  been 
most  unsatisfactorily  annealed,  as  shown  in  the  photographs 
already  mentioned  and  also  in  Fig.  18,  which  shows  some  of  the 
original  crystalline  struQture  of  the  metal. 


C  I  A  C  2  B 

Fig.   13. 

That  such  conditions  are  unnecessary  is  shown  by  the  fact 
that  test  bars  cut  out  of  a  second  gun  lever,  which  failed  in  service, 
gave  entirely  satisfactory  tests  after  having  been  heated  to  875°  C. 
and  cooled  in  air.  The  microstructure  was  uniformly  fine,  as 
shown  in  Fig.  19.  This  second  gun  lever  was  bought  on  the  same 
chemical  and  physical  specifications,  and  showed  exactly  the  same 
defects,  namely,  much  slag,  and  segregation  of  ferrite. 

The  cause  of  failure  of  this  gun  lever  may  be  attributed  to 
imperfect  heat  treatment  resulting  in  the  segregation  of  the  con- 
stituents of  the  metal. 

29 
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Fig.   15.     X  40. 
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A  third  case  1  will  j)rcsent  vcr\-  briefl\'.  It  is  that  of  a  broken 
recoil  spring,  only  a  fragment  of  which  was  available  for  test. 
The  fractured  surface  showed  in  the  central  portion  a  distinctly 
cr}'stalline  appearance.  From  the  center  core  the  fracture  seemed 
to  follow  spirally  toward  the  outer  edge.  The  metal  in  the  outer 
portion  was  fine-grained  and  not  so  bright  as  the  central  core. 
Several  cracks  showed,  the  largest  beginning  in  the  crystallized 
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area  and  extending  almost  to  the  circumference.  Only  enough  of 
the  material  for  a  determination  of  carbon  and  manganese  could 
be  taken  from  the  specimen,  and  this  showed  1.25  per  cent,  carbon, 
and  0.33  per  cent,  manganese. 

For  microscopical  examination  an  almost  complete  cross- 
section  was  polished.  The  structure  in  the  central  portion  was 
unusually  coarse  and  showed  a  large  excess  of  cementite,  which 
was  cr\'stallized  through  and  formed  a  network  around  the  dark 
ground  mass  which  resembled  troostite.     This  is  shown  in  Fig.  20. 


Fig.  jo.      X  40. 

In  the  outer  portion  there  was  a  uniform,  slightly  foliated,  dark 
troostitic  structure. 

The  appearance  of  two  distinct  areas  is  not  unusual,  as  it  is  a 
most  difficult  task  to  harden  any  ])iece  of  metal  i  \  ins.  in  diameter 
completely  to  the  center.  But  it  is  cjuite  unusual  for  a  spring  to 
contain  as  much  as  1.25  i)cr  cent,  of  carbon;  and  further,  it  is  also 
unusual  for  a  spring  to  show  evidences  of  having  been  heated  to 
such  a  high  temperature. 

The  photograph  rcjjroduced  in  Fig.  20  shows  not  only  the 
high  carbon  percentage  but  is  excellent  evidence  of  a  temperature 
suflicienlly  high  to  allow  the  cementite  to  crv'stallizc  out. 

It  is  dangerous  to  allow  the  j)ercentage  of  carbon  lo  run  so 
high  on  account  of  the  possibility  of  formation  of  free  cementite, 
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which  is  an  extremely  brittle  constituent.  A  crack,  might  easily 
start  in  an  area  of  cementite  and  when  once  started  would  follow 
through  cementite  to  the  outer  surface.  Lower  carbon  content 
would  preclude  the  presence  of  free  cementite.  Finely  divided 
cementite  would  also  be  much  less  dangerous,  and  this  could  be 
obtained  by  hardening  at  a  lower  temperature,  as  crystallized  and 
granular  cementite  can  only  be  obtained  by  heating  for  a  prolonged 
time  at  a  high  temi^erature. 

The  causes  of  this  failure  are  to  be  found  in  the  use  of  a  steel 
with  too  high  a  percentage  of  carbon,  and  in  heating  the  metal  to 
too  high  a  temperature. 

The  preceding  work  was  carried  out  in  the  testing  laboratory 
of  the  Watertown  Arsenal,  and  I  wish  to  express  my  appreciation 
of  the  courtesy  of  the  Commanding  Ofhcer,  Colonel  C.  B. 
Wheeler,  in  granting  permission  to  publish  the  results. 


DUCTILITY  IN  RAIL   STEEL. 
By  p.  H.  Dudley. 

The  phrase  "Ductility  in  Rail  Steel"  does  not,  as  often  sup- 
posed, express  equal  physical  properties  in  metal  for  rails  of  dif- 
ferent chemical  composition  or  different  methods  of  fabrication, 
and  for  different  conditions  of  service.  Bessemer-steel  rail  sections 
of  high  phosphorus,  even  with  low  carbon  content,  are  more  fragile 
in  the  distribution  of  rapid  large  bending  moments  than  the  low- 
phosphorus  medium-carbon  steel  of  basic  open-hearth  rails. 
There  is  also  a  marked  difference  in  the  freedom  from  fractures 
under  similar  service  between  brands  of  steel  made  under  the  same 
specifications.  Rails  which  are  satisfactory  in  warm  climates 
fracture  more  frequently  in  colder  climates. 

Iron  forms  the  economic  basic  element  of  steel,  its  ductility 
being  utilized  with  the  metal  manganese  and  the  metalloids  carbon 
and  silicon  to  produce  an  alloy  of  double  the  elastic  limit  and  ulti- 
mate strength  of  the  best  wrought-iron  rails.  The  iron  rails  were 
adequate  for  the  installation  of  the  railroads,  but  were  so  rapidly 
impaired  by  the  equipment  of  i860  and  1870  that  they  were  replaced 
by  Bessemer-steel  rails,  which  ha\e  since  rendered  possible  the 
present  extensive  railway  systems  of  the  world. 

Owing  to  the  exhaustion  of  the  available  low-phosphorus 
ores,  Bessemer  rail  steel  is  now  of  necessity  a  high-})hosphorus 
and  low-carbon  alloy,  the  mean  carbon  being  about  0.50,  man- 
ganese about  1. 00,  and  silicon  o.  10  to  0.20  per  cent.*  The  impur- 
ity of  phosphorus  is  limited  to  o.io,  while  that  of  sulphur  was 
limited  formerly  to  0.075  or  0.08  ])er  cent.  The  manufacturers 
this  year  charged  for  this  limitation  of  sulj)hur  live  cents 
extra  per  hundred  pounds  and  it  has  been  omitted  from  most 
sf)ccifications,  though  it  is  generally  rcfjuired  that  its  content  be 
reported. 

Plain  basic  open-hearth  rail  steel  is  usually  a  l()w-j)hosph()rus 
and  mcdium-unsaturated -carbon  alloy,  as  most  of  the  i)hosphorus 
has  been  reduced  by  this  process  from  its  content  in  the  ores  and 

*The  chvtnlcal  coropocitions  refer  in  all  i-mcm  to  ioo-ll>.  rails. 
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iron  to  0.04  per  cent,  or  under.  This  permits,  in  this  class  of  steel 
rails,  carbon  of  0.6310  0.75  per  cent,  in  combination  with  the  same 
percentage  of  manganese  and  a  silicon  content  of  o.io  to  0.20 
per  cent. 

The  metalloid  carbon  (under  1,0  per  cent.)  when  alloyed  with 
iron  increases  its  tensile  strength,  but,  as  would  be  expected,  lessens 
at  the  same  time  its  ductility  by  increasing  its  viscosity  to  strains, 
yet  does  not  increase  its  brittleness  rapidly  so  long  as  the  mineral 
aggregates  elongate  after  passing  the  elastic  limit  and  have  a  decided 
reduction  of  area  at  the  necking  or  point  of  fracture.  Steel  which  is 
rendered  granular  from  any  condition  of  chemical  comjjosition  or 
fabrication  partakes  more  of  the  nature  of  brittle  solids  than  of 
ductile  tough  alloys. 

Manganese  also  increases  the  tensile  strength  of  the  metal, 
although  to  a  less  extent  than  carbon  when  its  amount  is  under 
1.25  per  cent.  It  is  not  an  impurity,  as  frequently  stated,  but  is  a 
necessary  element  in  oxidation  processes  to  reduce  the  percentage 
of  oxides  in  the  completion  of  refining  the  steel. 

Silicon  is  also  a  requisite  element  to  increase  the  solidity  of 
the  metal,  and  in  the  small  percentages  which  obtain  in  Bessemer 
or  basic  open-hearth  steel,  it  adds  little  if  any  to  the  tensile  strength 
of  the  alloy. 

Phosphorus  is  an  embrittler,  especially  with  high  carbon.  It 
increases  the  viscosity  of  the  steel  and  reduces  its  capacity  to  dis- 
tribute rapid  strains  or  those  of  large  magnitude  before  fracture 
occurs,  particularly  in  low  temperatures.  Therefore,  when  as  much 
as  0.1  per  cent,  of  this  impurity  is  present  the  percentage  of 
carbon  must  be  limited  for  Bessemer  rail  steel  practically  to  0.5 
per  cent.,  with  the  necessary  manganese.  Phosphorus,  it  is  said, 
may  exist  in  rail  steel  in  two  or  more  compounds,  one  not  being 
considered  harmful  to  the  steel.  Several  investigations  have 
indicated  the  same  result,  but  have  not  disclosed  any  direct  method 
of  fabrication  to  control  the  harmfulness  of  a  part  of  or  the  entire 
phosphorus  content.  It  is  therefore  considered  best  to  reduce  the 
total  phosphorus  in  the  ores  in  this  country  by  the  basic  open- 
hearth  process,  and  to  replace  the  embrittling  properties  of  a  large 
content  of  phosphorus  by  a  higher  percentage  of  carbon.  This 
enables  the  metal  to  withstand  greater  tensile  and  impact  strains 
and  distribute  them  in  the  rail  section  as  a  girder  in  a  shorter  time 
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without  fracture  than  is  possible  for  the  Bessemer  metal  with  the 
higher  phosphorus  content. 

Sulphur  is  an  impurity  and  renders  the  metal  hot  short  in 
rolling,  producing  checks  and  cracks,  while  the  greater  portion  of 
the  sulphur  unites  with  the  manganese  forming  manganese  sul- 
phide, which  is  occluded  by  the  metal  as  a  foreign  substance, 
preventmg  its  welding,  and  breaking  up  the  continuity  of  its 
structure.  Silicates  which  should  have  escaped  from  the  bath  of 
molten  metal  are  also  often  occluded  in  the  steel.  These  defects 
often  become  the  incipient  points  of  detailed  fractures  due  to  the 
gradual  deformation  of  the  section  by  the  repetitions  of  passing 
wheel  loads. 

Test  butts  from  Bessemer  rail  steel,  carbon  0.50,  manganese 
0.90  to  1. 10,  phosphorus  about,  but  under  o.  10,  silicon  0.13  to 
0.15,  show  under  the  drop-testing  machine  a  range  of  ductility 
from  6  to  18  per  cent.,  although  the  majority  of  the  tests  give  from 
10  to  18  per  cent.*  There  are  some  heats  or  groups  of  heats  in 
which  the  ductility  drops  to  5  or  6  per  cent,  and  in  which  the  butt 
breaks  under  a  second  blow.  The  tests  of  the  butts,  unless  other- 
wise indicated,  refer  to  the  crop  from  the  top  of  the  "A"  rail. 

Test  butts  from  basic  open-hearth  rails,  carbon  0.63  to  0.75, 
with  about  a  similar  content  of  manganese,  phosphorus  0.04  or 
under,  silicon  0.15  to  0.20,  usually  show  under  the  drop-testing 
machine  a  range  of  ductility  from  6  to  18  per  cent.,  while  an  occa- 
sional melt  gives  20  or  25  per  cent.  Twenty  thousand  tons  of 
special  basic  open-hearth  supersaturated  steel  rails,  carbon  0.80 
to  0.90,  phosphorus  under  0.03,  with  a  small  percentage  of  titanium 
added  in  the  ladle,  which  have  been  rolled  recently,  show  a  duc- 
tility of  6  to  18  per  cent,  and  are  now  in  service.  The  rails  seem 
tough  as  a  girder,  and  abrasion  tests  indicate  that  they  will  show 
great  resistance  to  flange  abrasion  on  curves. 

Melts  of  open-hearth  rails  for  the  New  York  Central  Lines 
contain  from  10  to  24  ingots  and  make  from  cp  to  180  rails.  Three 
butts  are  tested  from  different  ingots  of  each  melt;  one  is  from  the 
second  ingot  teemc<l,  one  from  the  middle  of  the  melt,  and  a  third 
from  the  ingot  before  the  last  one  poured.  To  pass  the  melt  each 
butt  must  show  a  ductility  of  at  least  5  per  cent,  in  two  consecutive 

•Th«  iiMrthod  of  cleterminintf  the  ductility  in  rail  »tccl  ii  doitcribed  in  my  paper  on 
"Btoa«»tion  and  Ductility  Teit*  of  Rail  Sections  undar  the  Manufacturcrv'  Standard  Drop* 
Tntlng  U&thbm."    ProeMdimo,  Vol.  X,  1910,  pp.  laj-tja. 
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inches  upon  the  base  or  of  6  per  cent,  in  one  inch,  while  in  one 
butt  the  ductility  of  the  steel  is  totally  exhausted.  The  butts  for 
this  record  are  selected  in  rotation  from  the  different  ingots  and 
the  range  for  the  melts  is  thus  ascertained.  The  tests  as  a  rule 
indicate  that  the  ductility  is  quite  uniform  for  each  melt.  The 
exceptions  can  usually  be  traced  to  colder  rolling,  differences  in 
heating,  and  sometimes  to  brittleness  of  the  metal  itself. 

The  size  and  weight  of  the  ingots  for  open-hearth  steel 
vary  at  different  mills.  The  smallest  ingot  for  a  three-rail  length 
of  loo-lb.  section  weighs  3,934  lbs.  The  ingots  for  six-rail  lengths 
of  loo-lb.  section  at  another  mill  weigh  8,200  lbs.  The  ingots  at  a 
third  mill  weigh  12,500  lbs.  each  and  after  more  than  a  twenty 
per  cent,  discard  are  bloomed  for  eight  loo-lb.  rails,  cut  in  two- 
rail  lengths  and  reheated  before  rolling.  These  large  ingots, 
with  nearly  sixty  reductions  in  size  to  that  of  the  section  of  the  rail, 
receive  so  much  mechanical  work  upon  the  metal  that  the  effects 
of  the  carbon  are  intensified  and  the  ductility  is  reduced  two  or 
three  per  cent,  below  that  of  rails  of  similar  composition  from 
smaller  ingots.  The  slightly  reduced  ductility  will  give  greater 
resistance  for  curve  abrasion  and  still  be  sufficient  for  the  section 
as  a  girder. 

The  ductility  of  ferro-titanium  Bessemer  rails,  with  o.i  per 
cent,  of  metallic  titanium  added  to  the  bath,  carbon  0.60  to  0.70, 
manganese  0.40  to  0.70,  though  usually  contined  under  0.60, 
silicon  o.io  to  0.18,  ranges  from  6  to  15  per  cent.,  showing  a  decided 
softening  of  the  effect  of  the  phosphorus  content  by  the  titanium 
and  lower  manganese.  These  rails  are  now  to  be  submitted 
to  extensive  service  tests  to  see  whether  or  not  the  expected  benefits 
will  be  secured  in  practice. 

The  value  of  8  to  12  per  cent,  ductility  in  rail  steel  may  be 
modified  considerably  in  the  fabrication  of  the  rails  by  the  checking 
of  the  columnar  structure  in  blooming,  producing  large  percent- 
ages of  second  quality  rails.  These  checks  do  not  roll  out  com- 
pletely, and  while  many  rails  are  rejected,  some  checks  under  the 
scale  are  invisible  in  the  base  of  the  rail  and  weaken  it  transversely, 
thus  losing  in  effect  the  ample  ductility  intended  by  the  chemical 
composition.  It  has  been  found  that  under  high-speed  trains 
of  hea\7  wheel  loads  the  half-moon  or  crescent  breaks  which  occur 
in  the  base  of  the  rail  start  from  these  incipient  checks  in  the  metal 
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Jiear  the  center  of  the  base  and  in  low  temperatures  generally 
develop  as  detailed  fractures.  When  the  "seconds"  run  from  five 
to  fifteen  per  cent,  of  the  output,  this  type  of  break  occurs  in  rails  in 
which  the  checks  were  so  minute  as  to  be  invisible,  and  therefore 
escape  detection  in  the  rails  at  the  mills. 

Some  years  since,  when  the  output  of  the  mills  was  large  and 
the  steel  not  well  deoxidized  before  teeming  the  ingots,  the  half- 
moon  fractures  were  confined  mostly  to  the  "A"  rails;  but  they 
are  now  more  common  in  the  lower  rails  of  the  ingots,  at  least  of 
some  brands.  The  metal  in  the  present  blooming  trains  does  not 
crack  or  check  as  much  in  the  upper  part  of  the  better  deoxidized 
open-hearth  or  Bessemer  ingots  as  it  does  under  the  first  heavier 
drafts  for  the  lower  and  larger  part  of  the  ingots.  The  checks 
have  not  occurred  to  as  marked  an  extent  in  the  open-hearth  ingots, 
making  only  one  or  two  per  cent,  of  seconds,  as  formerly  in  the 
Bessemer  ingots,  for  the  reason  that  the  purer  open-hearth  metal 
is  not  as  hot-short  as  the  less  deoxidized  plain  Bessemer  metal. 
It  is  noticed,  however,  that  in  open-hearth  rails  the  greatest  number 
of  seconds  from  some  of  the  mills,  even  of  the  one  or  two  per  cent., 
are  from  the  last  rail  in  the  ingot.  While  the  mills  are  designed 
to  produce  rails,  the  differences  in  many  of  the  details  of  furnace 
and  mill  practice  have  some  influence  upon  the  ductility  which 
may  be  secured  and  utilized  from  a  given  composition  of  metal. 

The  New  York  Central  and  Hudson  River,  and  the  Boston 
and  Albany  Railroad  Companies,  have  had  a  large  experience 
concerning  the  requisite  ductility  of  rails  as  girders  to  carry  and 
distribute  the  wheel  loads  and  also  to  resist  flange  abrasion  upon 
cun'es  under  heaxy  trafl'ic.  Of  the  many  thousand  tons  of  Besse- 
mer rails  of  0.06  |)er  cent.  ])hosj)horus  and  0.60  to  0.65  per  cent, 
carbon  which  I  commenced  to  roll  in  1891  and  continued  until 
the  exhaustion  of  the  low- phosphorus  ores  in  1902,  ninety  per 
cent,  were  required  to  exceed  a  minimum  ductility  of  5  |)er  cent. 
per  inch  as  shown  under  the  drop  test,  wliich  in  fabrication  by 
the  manufacturers  was  raised  to  ninety-five  per  cent.  The  mgixi- 
mum  (luclility  was  about  18  per  cent.,  and  the  average  was  over 
12  per  cent.  The  minimum  ductility  was  4  per  cent.  j)er  inch 
for  acccjitance  of  ten  per  cent,  of  ihc  rails,  though  confined  by  good 
mill  practice  to  five  per  cent,  of  the  output.  The  rails  proved  to  be 
tough  and  but  few  fractures  have  occurred  in  service,  while  many 
are  still  in  the  tracks. 
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Six-inch,  loo-lb.  rails  maxie  in  1894,  after  sixteen  years  of 
service  carrying  250,000,000  tons  of  traffic  with  a  loss  of  less  than 
0.125  in,  on  the  head,  were  tested  early  this  year  under  the  drop, 
base  down  on  the  supports.  One  butt  gave  6  per  cent,  elongation 
before  it  sheared  through  the  bolt  holes  and  a  butt  from  another 
heat  gave  8  per  cent.  The  metal  in  the  head  of  either  rail,  like 
thousands  of  others  in  the  track,  did  not  flow  to  the  sides  but  wore 
uniformly,  owing  to  the  efficient  support  of  the  metal  of  high 
elastic  limit  underneath  the  bearing  surface.  The  resistance  to 
flange  abrasion  was  excellent,  rails  lasting  six  to  ten  years  upon 
three-  and  four-degree  curves  under  heavy  traffic.  Rails  of  the 
same  sections  containing  o.io  per  cent,  phosphorus  and  0.50  per 
cent,  carbon  used  to  replace  them,  cut  out  upon  the  same  curves 
in  two  or  three  years,  although  there  has  been  some  increase  in  the 
traffic. 

The  minimum  ductility  of  the  metal  has  been  raised  from  4 
to  over  5  per  cent,  per  inch  to  insure  malleability  as  well  as  duc- 
tility for  the  increased  service  under  the  present  wheel  loads  and 
higher  speeds.  This  is  for  the  purpose  of  meeting  the  present 
decreased  time  factor  in  distributing  the  larger  and  more  rapid 
alternating  positive  and  negative  bending  moments  in  the  rail  as  a 
girder  under  the  moving  wheel  CDntacts  of  the  heavier  loads  and 
higher  speeds,  particularly  in  freezing  temperatures. 

It  has  been  instructive  to  note  that  new  rail  butts  at  60°  F. 
would  withstand  2,000  lbs.  falling  16  ft.  Similar  butts  at  0°  F. 
would  fail  when  an  8-ft,  drop  was  exceeded,  yet  under  the  i6-ft. 
drop  they  showed  by  their  curvature  that  a  permanent  set  and  about 
one-half  of  the  elongation  had  occurred  in  the  metal  as  found  for 
a  i6-ft,  drop  before  fracture.  The  cold  had  increased  the  viscosity 
of  the  metal;  therefore  its  resistance  to  flow,  combined  with  the 
reduced  time  factor  for  the  distribution  of  the  greater  energy  and 
speed  of  impact  of  the  higher  drop,  started  the  rupture  of  the 
extreme  fibers  in  the  base  of  the  rail  before  the  stress  could  be 
distributed  through  the  entire  section,  and  fracture  consequently 
took  place.  Similar  conditions  occur  in  the  rails  in  the  track  which 
are  deflected  from  the  trackman's  unloaded  surface  to  the  "general 
depression"  under  the  total  loads  of  the  wheel  bases  of  the  loco- 
motives or  cars,  with  specific  deflections  in  the  rails  under  the  pass- 
ing wheel  contacts. 
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The  hea\y  wheel  loads  of  slow  freight  trains  with  a  large  time 
factor  to  distribute  the  stresses  through  the  sections  as  girders, 
do  not  check  or  fracture  as  many  rails  as  similar  wheel  loads  run  at 
higher  speeds  with  greater  generated  wheel  effects  and  with  less 
time  for  their  distribution  through  the  rails  to  the  cross-ties, 
ballast,  and  roadbed.  Oxidized  flaws  are  often  found  in  fractured 
rails,  showing  that  a  minute  check  had  been  caused  by  the  maxi- 
mum intensity  of  the  wheel  effect,  but  was  so  quickly  relieved  by 
the  passing  of  the  wheel  that  the  rail  was  not  completely  fractured 
at  the  first  occurrence.  Broken  rails  have  been  found  ha^'ing  in 
the  base  two  distinct  oxidized  checks  which  had  occurred  several 
months  apart  and  not  until  a  third  excessive  wheel  load  at  some 
subsequent  date  was  the  rail  completely  fractured.  There  are 
also  many  fractures  which  show  that  the  impact  of  the  passing 
wheel  was  so  quick  and  great  as  to  render  ductile  metal  fragile 
without  exercising  its  ductihty  in  the  least.  This  has  led  to  a  gen- 
eral investigation  of  the  relations  of  the  passing  equipment  to  the 
rails  and  roadbed,  as  it  is  their  combination  which  forms  the 
means  of  transport. 

The  wheel  loads  have  been  more  than  doubled  and  the  ton- 
nages quadrupled  since  the  in\enlion  of  Bessemer  steel  for  rails. 
Steel-tired  33-in.  and  36-in.  wheels  have  replaced  those  formerly  of 
chilled  cast  iron  for  safety  under  hea\y  loads  and  high-speed  trains. 
This  change  has  rei)laced  a  non-plastic  metal  of  great  resistance 
to  compression,  though  sensitive  to  shocks,  by  a  metal  with  elastic 
and  plastic  properties  of  greater  touglmess  to  imi)act,  although 
subject  to  all  the  laws  of  fatigue  and  deformation  of  such  alloys. 
The  tonnage  upon  the  single  point  of  contact  of  a  wheel  on  the 
rail  repeats  itself  upon  all  metal  in  the  center  of  the  tread  for  each 
rotation.  A  36-in.  wheel  makes  5^)0.2  revolutions  i)cr  mile  and  for 
a  static  load  of  5  tons  is  equivalent  to  2,801  tons  per  mile.  A  run 
from  New  York  to  Chicago  makes  a  total  of  over  2,700,000  tons 
applied  upon  every  portion  of  the  center  of  the  tread  exclusive  of 
any  generated  wheel  effects.  A  36-in.  tender  wheel  with  an  average 
static  loa^l  of  9  tons  applies  5,042  tons  per  mile  to  every  jK)rtion 
of  the  center  of  the  tread,  or  756,000  tons  for  a  three  hour  run  of 
150  miles,  exclusive  of  generated  wheel  effect 

It  has  not  yet  been  possible  for  the  tire  niamitacturcrs  to 
supply  the  small  tires  with  homogeneous  high  elastic  limits  for  the 
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entire  circumference  of  the  tread.  The  problem  has  not  been 
solved  to  make  all  small  tires  sustain  icx3,ooo,ooo  to  150,000,000 
tons  without  irregular  deformation  in  one  or  more  portions  of  the 
tread,  which  every  revolution  increases,  one  might  say,  in  a  geo- 
metric ratio.  This  produces  an  eccentric  wheel  capable  of  doing 
great  damage  at  high  speeds  to  the  wheels  and  rails,  particularly 
in  low  temperatures.  It  is  often  found  that  one  wheel  on  an 
axle  deforms  while  the  metal  in  its  mate  maintains  its  rotundity 
through  the  uniform  flow  and  wear  of  the  steel  in  the  wheel  tread. 
The  deformation  of  the  metal  is  more  rapid  in  wheels  which  run 
long  distances  than  in  those  which  make  shorter  runs  and  have 
more  frequent  intervals  of  rest,  there  being  evidently  some  recovery 
from  the  fatigue  of  the  metal. 

More  attention  will  be  imperative  in  the  future  for  transporting 
heavy  loads  at  high  speeds  to  maintain  the  drivers  and  wheels  in  the 
treads  as  true  circles,  in  order  to  prevent  the  generated  wheel 
effects  becoming  too  excessive  to  distribute  millions  of  repetitions 
of  loads  without  exceeding  the  ductility  in  rail  steel. 


STUDIES  ON  STEEL  TIRES. 

By  Robert  Job  and  M.  L.  Hersf.y. 

Conditions  of  railway  ])ractice  having  become  much  more 
rigorous  in  recent  years,  many  materials,  which  under  the  less 
severe  conditions  gaAC  good  aAerage  service,  do  not  now  have  the 
requisite  strength  or  endurance.  In  some  cases  it  has  been  neces- 
sar)'  to  change  the  composition  of  the  material,  while  in  others  the 
methods  of  manufacture  have  been  improved,  or  new  processes 
devised,  and  in  still  others  an  entirely  different  material  has  been 
substituted.  As  is  well  known,  almost  even-  kind  of  material 
used  in  construction  work  has  been  affected. 

The  quality  of  steel  tires  for  locomotive  and  tender  service 
is  of  especial  moment,  and  a  great  deal  of  study  has  been  done  to 
determine  the  exact  condition  of  the  steel  in  tires  which  have 
proved  defective  in  service,  as  well  as  in  those  which  have  given 
normal  mileage.  We  have  been  interested  particularly  in  studying 
the  characteristics  of  those  which  have  failed,  but  which  at  the 
same  time  have  been  foimd  to  be  fairly  free  from  such  defects  as 
blowholes,  slag  and  oxide,  or  other  of  the  more  manifest  causes  of 
failure. 

In  general  our  j)ractice  has  been  (after  getting  all  the  data 
obtainable  regarding  the  conditions  of  service)  to  take  a  full 
transverse  section  of  the  tire,  as  near  as  possible  to  the  point  of 
fracture  or  failure,  and  to  carefully  scrutinize  the  i)olished  surface 
for  any  visible  defect.  The  section  was  then  etched  to  develop 
seam  lines  and  similar  defects.  Meantime,  a  standard  test  piece 
was  cut  from  another  ])ortion  of  the  tire  and  the  usual  tensile  tests 
were  made.  A  ^-in.  section  was  next  cut  from  the  center  of  the 
transverse  section  and  j)olishcd  and  etched  for  microscopic  investi- 
gation. A  similar  section  was  taken  from  the  transverse  section 
J  in.  from  the  outside  surface  of  the  tire  and  prepared  for  micro- 
scopic examination,  for  reasons  which  will  be  explained  later. 
Borings  were  also  taken  for  analysis,  the  carbon  being  determined 
by  direct  combustion  in  a  current  of  oxygen  in  an  electric  furnace. 
Photomicrograj)hs  were  taken  at  a  mfignificalion  of  fifty  diameters 
to  determine  the  size  of  grain,  that  magnification  having  been 
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found  the  most  satisfactory  for  the  ]>urpose.  Also,  the  hardness 
of  the  steel  was  determined  with  the  Shore  scleroscope. 

A  considerable  number  of  tires  have  been  tested,  representing 
the  output  of  many  mills,  both  here  and  abroad,  and  the  general 
results  of  the  study  ha\e  been  exceedingly  interesting — in  many 
cases  the  cause  of  failure  ha\ing  been  fully  demonstrated.  In  the 
brief  time  at  our  disposal,  however,  we  can  merely  touch  upon  the 
main  findings. 

A  fair  proportion  of  failures  was  due  to  radically  defective 
composition ;  for  instance,  some  tires  contained  over  i  per  cent,  of 
carbon.  The  projjortions  of  manganese,  phosphorus  and  sulphur 
were  generally  within  the  usually  accepted  limits  for  tires.  The 
carbon  varied  from  0.53  to  1.03  per  cent. 

Under  these  conditions  there  was  naturally  a  wide  varia- 
tion in  the  tensile  properties  of  the  steel.  In  one  case  the  metal, 
with  0.86  per  cent,  carbon,  and  grain  size  of  about  I  in.  at  fifty 
diameters,  had  a  tensile  strength  of  165,650  lbs.  per  stp  in.  with  an 
elongation  in  2  ins.  of  10.9  per  cent.  We  also  found  a  marked 
difference  between  the  tensile  properties  of  test  pieces  taken  longi- 
tudinally and  those  taken  transversely  from  the  same  tire,  as  shown 
by  the  following: 

Carbon,  0.795  per  cent.  Tensile  Strength,     Elongation  in  2  ins., 

lbs.  per  sq.  in.  per  cent. 

Longitudinal 157,000  9.3 

Transverse 1 2  6, 700  2 . 3 

Carbon,  0.770  per  cent. 

Longitudinal 150,000  ii  .0 

Transverse 1 18,300  i .  5 

The  hardness  ranged  between  37  (0.83  per  cent,  carbon)  and 
55  (0.82  per  cent,  carbon),  and  as  would  be  e.xpected,  the  degree  of 
hardness  did  not  necessarily  bear  any  direct  relation  to  the  per- 
centage of  carbon  or  manganese,  but  varied  evidently  with  the 
physical  differences  in  the  steel  due  to  variations  in  heat  treatment. 
In  the  granular  structure,  the  index  of  the  rolling  temperatures, 
we  found  remarkable  differences.  For  instance,  Fig.  i  represents 
a  tire  which  fractured  in  service,  its  composition  being: 

Carbon o .  649  per  cent. 

Phosphorus 0.057 

Manganese o .  697 

Sulphur 0.039 

Silicon o  .  loo 
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The  large  size  of  grain  shows  that  the  tire  was  finished  at  an 
excessively  high  temperature,  and  that  it  was  ill  adapted  to  meet 
even  the  ordinan'  conditions  of  service.  Fig.  2  represents  another 
ven'  similar  tire  which  also  fractured  in  sen-ice.  The  size  of  grain 
is  smaller,  indicating  a  lower  finishing  temperature,  but  the  size 


Fig.  I.  Fig.  2. 

is  excessive  and  unquestionably  a  source  of  weakness.     Its  com- 
position was: 

Carlxin o .  539  per  cent. 

Phosphorus.  ..    0.052     "        " 

Manganese...  .0.781     "       " 

Sulphur o  .032     "       " 

Silicon o .  254     "       " 

In  contrast  with  these,  Fig.  3  was  taken  from  a  tire  which 
had  been  annealed.  The  granular 
form  is  fairly  fine,  although  the 
structure  is  rather  irregular.  It 
represents,  however,  steel  of  far 
greater  toughness  and  ability  to 
resist  shock  than  that  shown  in 
Figs.  I  and  2. 

In  examining  tires  which  had 
not  been  defective  in  service  we 
found  the  usual  range  in  composi- 
tion. The  hardness  tended  toward 
the    lower    figures,    for    instance  ,,. . 

about  43  to  47  with  about  0.70  to 
0.80  per  ccmt.  carlwn  and  alwut  0.70  per  cent,  manganese. 


Job  and  Hersey  on  Steel  Tires.  465 

The  granular  structure  in  such  tires  was  usually  fairly  fine, 
with  granules  of  about  \  to  I  in.  in  diameter  at  fifty  diameters 
though  with  a  percentage  of  carbon  as  low  as  0.50  the  metal  was 
in  some  cases  coarsely  granular. 

From  the  brief  account  which  has  been  given  it  is  clear  that 
the  failure  of  a  tire  may  be  caused  by  any  one  of  many  variables,  in 
both  composition  and  physical  properties,  as  well  as  by  changes 
induced  by  conditions  of  service,  as  for  instance  skidding.  It 
is  also  evident  that  with  metal  which  is  subjected  to  the  severe 
service  which  must  of  necessity  be  borne  under  present  conditions, 
every  feasible  precaution  should  be  taken  not  only  to  guard  against 
unsoundness  and  incorrect  composition  but  also  to  avoid  undue 


Fig.  4.  Fig.  5. 

hardness  and  coarse  structure.  On  the  other  hand,  we  must 
bear  in  mind  that  if  a  tough,  fine-grain  structure  is  secured  by 
annealing  the  tires,  the  elastic  limit  of  the  steel  is  at  the  same  time 
lowered  and  the  tire  is  more  liable  to  crush  in  service.  The  same 
condition  was  observed  some  years  ago  by  one  of  the  writers  in 
connection  with  some  ser\ice  tests  of  annealed  rails  on  the  Phila- 
delphia and  Reading  Railway.  An  account  of  this  investigaticn 
appears  in  the  Proceedings  of  the  New  York  Railroad  Club. 
December,  1906.  Eleven  90-Ib.  rails  were  sawed  into  halves, 
and  one  half  of  each  rail  was  annealed.  The  structure  at  the 
center  of  head  after  annealing,  fifty  diameters  magnification,  is 
shou-n  in  Fig.  4,  and  the  natural  condition  in  Fig.  5.  The  car- 
bon  content  averaged  0.54  and  the  manganese   1.06  per  cent. 

80 
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After  88  million  tons'  traftic,  it  was  found  that  the  annealed 
rails  averaged  31.9  per  cent,  more  wear  and  that  they  also  ihowed 
a  greater  tendency  to  crush  and  splinter,  but  it  was  found  on 
test  that  the  elastic  limit  had  been  reduced  from  80,600  to 
70,225  lbs.  per  sq.  in.  As  stated  in  the  paper  referred  to  above, 
"the  clear  teaching  of  the  trial  was  that  under  hea\y  traffic 
high  elastic  limit  is  essential  to  the  best  service,  and  it  was  also 
evident  that  if  one  proposes  to  get  greater  toughness  and  safety 
by  some  treatment,  like  annealing,  which  lowers  the  elastic  limit, 
one  should  also,  to  get  the  best  results,  increase  the  carbon  or 
manganese  contents  or  other  constituents  to  the  point  at  which 
the  elastic  limit  will  be  high  enough  to  resist  crushing,  even  though 
the  steel  be  somewhat  unsound.  In  other  words,  the  toughness 
and  elasticity  produced  by  the  line  granular  structure  permit  one 
to  increase  the  hardening  contents  considerably  beyond  the  point 
which  otherwise  would  be  safe,  thus  obtaining  greater  capacity 
for  wear."  If  in  a  tire,  for  example,  a  carbon  content  of  0.55  to 
0.65  per  cent,  is  deemed  sufficiently  high  with  coarse-grain  steel,  it 
may  safely  be  assumed  that  with  fine-grain  steel  the  j^roportion  of 
carbon  should  be  increased,  say  to  0.65  to  0.75  per  cent,  or  perhaps 
higher,  with  far  greater  chances  for  safety  than  with  the  former 
brittle  coarse-grain  steel. 

In  the  inspection  of  tires  it  has  been  customary  to  take  a  tire 
at  random  from  a  shipment  and  subject  it  to  a  drop  test.  This 
practice,  of  course,  gives  an  indication  of  the  quality  of  the  one 
which  is  selected  but  not,  unfortimately,  of  that  of  its  mates  which 
go  into  service,  and  on  that  account  other  supplementary  tests  are 
necessary.  A  section  for  tensile  test  cannot  be  taken  from  a  tire 
without  rendering  it  unfit  for  service,  but  we  have  found  it  entirely 
feasible  to  take  a  section  for  microscopic  work  in  such  a  manner 
that  the  service  value  of  the  tire  is  not  in  the  least  imj)aircd;  and 
a  study  of  this  section  gives  a  clear  idea  of  the  heat  treatment 
received  at  the  mill. 

In  our  first  experiments  we  took  sections  from  the  edge  of  the 
tire  at  a  distance  of  J  in.  from  the  surface,  but  we  soon  learned  that 
such  a  section  might  not  indicate  the  condition  of  the  metal  beyond 
the  immediate  surface  of  the  tire.  We  found,  however,  that  by 
taking  the  section  at  a  depth  of  i  in.  from  any  surface,  a  very  clear 
indication  as  to  the  character  of  the  granular  form  at  the  center 
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could  be  obtained.  The  relative  difference  in  size  of  grain  at  the 
center  and  at  h  in.  from  the  surface  of  the  same  tire,  is  shown  in 
Figs.  6  and  7,  the  former  being  at  the  center  of  the  tire.  The 
analysis  was  as  follows : 

Carbon o  •  53    per  cent. 

Phosphorus o .  037     "       " 

Manganese 0.54       "       " 

Sulphur o .  030     "       " 

In  Figs.  8  and  9  a  similar  example  is  given  of  a  coarse-grain 
steel,  Fig.  8  being  from  the  center  of  the  tire  and  Fig.  9  from  a 


Fig.  6,  Fig.  7. 

point  ^  in.  below  the  surface.    The  composition  was  as  follows: 

Carbon o. 83    per  cent. 

Phosphorus 0.077     "       " 

Manganese 0.47 

Sulphur 0.049 

Silicon 0.21 

We  found  also  that  a  test  section  sufficiently  large  for  the 
purpose  could  be  obtained  by  boring  into  the  tire  with  a  hollow- 
drill  of  special  steel  having  walls  not  exceeding  ^  in.  in  thickness 
and  a  core  ^  in.  in  diameter;  thus  the  drill  had  an  outside  diameter 
not  exceeding  |  m.  A  hole  slightly  more  than  ^  in.  deep  was  then 
drilled  into  the  tire,  preferably  from  the  inside,  using  screw-cutting 
oil  or  compound.  The  core  was  broken  off  with  a  small  wedge, 
and  the  end  filed  until  the  face  was  just  h  in.  from  the  surface  of  the 
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tire.  This  small  section  ^  in.  in  diameter  was  then  polished, 
etched  and  photographed.  The  i-in.  hole  bored  into  the  tire 
in  the  position  indicated  does  not  injure  the  tire  for  service,  and 
consequently  tests  of  any  number  of  tires  in  a  given  shipment 
may  be  quickly  made,  in  order  to  prove  definitely  whether  or  not 
the  heat  treatment  has  been  satisfactory,  and  in  accordance  vvith 
specifications.  The  small  \-'m.  test  piece  may  also  be  used  sub- 
sequently, if  so  desired,  in  making  the  hardness  test  with  the 
scleroscope,  provided  a  plane  face  is  ground  longitudinally  on 
one  side  of  the  steel.  Care  must  be  used  to  have  this  face  exactly 
parallel  with  the  opposite  side. 

In  drawing  up  specifications  for  the  regulation  of  the  heat 


Fig.  8.  Fig.  9. 

treatment,  it  is  simpler,  we  think,  and  far  more  satisfactory,  to 
make  an  engraving  from  a  photomicrogra{)h  at  fifty  diameters 
showing  the  maximum  size  of  grain  which  wlW  be  acccjjted  and 
to  print  it  as  part  of  the  specifications. 

In  the  suggestions  which  have  been  made  above,  we  realize 
fully  that  this  method  of  investigation  docs  not  indicate  whether 
pipes,  blowholes  or  similar  defects  are  present,  and  reliance  must 
l)C  placed  in  the  present  methods  of  testing  and  particularly  of  mill 
inspection  to  determine  such  quality.  We  are  convinced,  how- 
ever, that  if,  in  addition  to  soundness  and  freedom  from  the  grosser 
defects  of  manufacture,  the  tire  is  of  fine  granular  form,  indicative 
of  toughness,  and  of  a  composition  proportioned  to  insure  a  suita- 
bly high  elastic  limit,  there  will  result  not  only  increased  safety  of 
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service,  but  also  a  decrease  in  the  number  of  failures  which  now 
occur. 

In  connection  with  our  work  we  wish  to  acknowledge  the 
assistance  of  various  companies  and  individuals,  particularly  that 
of  the  Canadian  Pacific  Railway,  the  Lehigh  Valley  Railroad,  and 
the  Grand  Trunk  Railway. 


DISCUSSION. 


The  President. — The  authors  have  referred  to  the  question 
of  porosity.  I  wonder  whether  it  would  not  be  practicable  to  devise 
a  ready  specific  gravity  test.  Of  course  in  the  determination 
of  the  density  we  at  once  detect  the  presence  of  any  considerable 
quantity  of  cavities  of  any  kind.  I  do  not  know  that  that  has 
ever  been  done  on  a  commercial  scale,  but  the  matter  seems  so 
simple  and  the  indications  so  valuable  that  it  would  certainly 
be  worth  while  to  try  to  devise  some  ready  commercial  method 
of  determining  density.  Gentlemen,  this  paper  is  open  for 
discussion. 
Job.  Mr.  Robert  Job. — I  may  say  that  the  determination  of 

the  grain  size  of  steel  saturated  with  carbon  is  beset  with  the 
greatest  possible  difiiculties.  In  some  cases  it  seems  to  be 
absolutely  impossible  to  determine  it  exactly.  Under  some  con- 
ditions of  etching  with  special  light  it  seems  to  be  possible  to  get 
a  fair  indication  of  the  grain  size;  in  other  cases  also  we  have 
been  able  to  get  fair  approximations  by  simply  fracturing  the 
steel  and  fmding  whether  or  not  it  is  of  a  very  coarsely 
granulated  structure.  In  connection  with  our  work  we  have 
tried  many  different  etching  media  with  the  idea  of  developing 
lines  between  grains,  but  in  most  cases  it  is  an  exceedingly 
difficult  matter  with  a  carbon  content  of  0.80  or  0.85  per  cent. 
In  some  such  cases  we  have  been  able  to  get  a  fair  indication 
of  grain  size  by  oblique  illumination. 

The  President.— Mr.  Job  regrets,  as  we  all  do,  that  in 
annealing  coarse-grained  steel  we  also  soften  it;  but  we  must 
discriminate  where  before  we  have  not  always  done  so,  that 
the  refining  which  removes  the  coarse  grain  is  the  heating 
above  the  critical  range.  That  which  does  the  softening  and 
weakens  the  steel  is  the  slow  cooling  therefrom  which  need  not 
at  all  follow.  That  is  to  say,  we  improve  steel  by  heating 
it  above  the  critical  range,  and  then  spoil  it  again  by  cooling 
it  slowly.  Now,  avoiding  rapid  cooling,  at  least  through  the 
critical  range,  is.  in   my  opinion,  of  the  greatest  iniportaiicc. 
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The  thing  which  has  been  overlooked  to  a  very  great  extent  by  The  Presk 
steel  makers,  and  on  which  great  stress  was  laid  in  the  report 
of  the  Committee  on  Heat  Treatment  presented  this  morning, 
is  the  importance  of  not  spoiling  the  steel  by  coohng  it  extremely 
or  unduly  slowly  after  we  have  bettered  it  by  heating  above  the 
critical  range. 


FLUE-SHEET  CINDER  FOR^^IATION  IN  LOCOMOTIVES. 
By  Robert  Job. 

Flue-sheet  cinder  is  the  technical  name  for  a  growth  which 
forms,  as  the  name  implies,  upon  the  flue  sheets  of  locomotives, 
gradually  covering  the  ends  of  the  flues,  and  unless  removed  by 
the  fireman's  laborious  eff'ort  ultimately  chokes  the  draught. 
Under  some  conditions  this  formation  never  occurs,  and  a  loco- 
motive may  run  for  years  without  diflficulty  from  this  source,  but 
with  certain  changes  the  same  locomotive  may  find  a  normal  rate 
of  steaming  impossible. 

Some  years  ago  we  began  an  investigation  of  these  cinders,  or 
"sulphur  lumps"  as  they  are  often  termed,  and  the  study  has 
been  continued  under  widely  differing  conditions  of  fuel  and 
operation.  The  object,  of  course,  has  been  to  determine  the  cause 
of  the  formation  and  to  develop  an  effective  method  of  prevent- 
ing it. 

The  composition  of  these  cinders  varies  considerably,  as  is 
natural,  and  the  following  analyses  of  two  of  them,  taken  from 
engines  using  different  types  of  fuel,  will  give  a  general  idea  of 
the  range  which  may  be  found : 

Cinder  i.  Cinder  2. 

Anthracite  Bituminous 
Coal.  Coal. 

Silica 52.15  per  cent.  28.54  per  cent. 

Alumina 34- 51     "       "  12.30    "       " 

Total  Iron  (figured  as  Fe,0,)    10.29     "       "  52.00    "       " 

Total  Sulphur  (figured  as  SO,) 0.81     "       "  4.30    "       " 

Lime  (CaO) 2 .  68     "       "  2.75    " 

Magnesia  (MgO) 0.27     "       "  0.40    "       " 


100.71  100.39 

In  these  analyses  the  total  iron  has  been  figured  for  conven- 
ience as  the  scsquioxidc,  although  a  part  existed  in  the  ferrous 
state.  Throughout  the  paj)cr,  however,  unless  otherwise  stated, 
the  percentages  of  iron  arc  given  in  terms  of  metallic  iron  (Fe),  for 
convenience  of  comparison. 
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Cinder  i  was  of  a  greenish-red  color,  while  Cinder  2  was  of 
a  deep  red  due  to  the  higher  percentage  of  iron  and  to  its  more 
complete  oxidation.  It  is  interesting  to  note  that  in  most  cases 
relatively  little  sulphur  was  present  in  these  "sulphur  lumps," 
and  the  percentage  of  alkalies  was  usually  low.  The  cinders  were 
generally  of  a  characteristic  structure  and  examination  under  the 
microscope  showed  that  they  were  built  up  of  small  dark-colored 
particles  which  had  fused  together  into  a  dense  though  somewhat 
porous  form. 

Under  service  conditions  it  may  be  almost  impossible  to  remove 
these  cinders  from  the  flue  sheet  owing  to  the  more  or  less  plastic 
state  caused  by  the  high  temperature  of  the  firebox.  When  cool 
they  are,  however,  rather  brittle,  with  a  vitreous  fracture. 

From  the  nature  of  the  case  it  was  of  course  evident  that 
the  quality  of  the  coal  must  be  of  great  importance,  so  for  compari- 
son a  large  number  of  analyses  were  made  of  representative  samples 
of  the  coal  used  and  of  some  of  the  cinder  formed  on  the  run 
when  this  coal  was  burned.  In  a  general  way  it  was  found  that 
the  composition  of  the  coal  ash  corresponded  with  that  of  the  cin- 
der, but  the  percentage  of  iron  in  the  cinder  was  always  higher  than 
in  the  ash  from  which  it  was  formed;  the  reason  will  be  explained 
later.  Moreover,  the  fact  was  generally  developed  that  when  the 
percentage  of  iron  in  the  coal  ash  was  low,  say  below  about  i  per 
cent.,  or  when  the  color  of  the  ash  was  white  or  gray,  no  forma- 
tion of  cinder,  or  only  a  slight  one,  appeared  upon  the  flue  sheets, 
regardless  of  the  percentage  of  ash  in  the  coal.  In  fact,  no  forma- 
tion was  observed  with  coal  of  this  character  even  when  the  ash 
in  the  coal  averaged  over  25  per  cent.  With  this  coal  the  flues 
themselves  became  more  or  less  choked  with  the  light  powdery 
white  ash, — "sulphur  dust,"  as  the  deposit  is  termed  by  the  engine 
men, — but  it  did  not  adhere  to  the  flue  sheet  and  no  clinkering 
occurred.  Analysis  showed  that  the  percentage  of  iron  in  these 
flue  ashes  was  lower  than  that  originally  present  in  the  coal  ash. 
In  other  words,  the  particles  containing  iron,  being  heavier, 
were  not  drawn  into  the  flues. 

It  also  developed  that  as  the  percentage  of  iron  in  the  ash 
mcreased,  the  tendency  toward  and  the  extent  of  the  flue-sheet 
cinder  formation  increased,  often  occurring  when  the  ash  contained 
2  per  cent,  of  iron.     When  the  ash  contained  2.5  per  cent,  of 
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iron  the  cinder  formation  was  more  marked  and  it  generally 
became  excessive  with  5  per  cent. 

In  the  course  of  investigation  it  was  thought  that  the  excess  of 
iron  found  in  the  cinder  might  be  derived  in  some  manner  from 
the  firebox  itself,  perhaps  by  the  action  of  fumes  or  of  moisture  upon 
the  steel;  but  investigation  showed  that  under  the  ordinary  con- 
ditions of  sernce,  pitting  or  corrosion  of  the  sheets  of  the  firebox 
or  combustion  chamber  did  not  occur,  thus  proving  that  the  iron 
was  present  originally  in  the  coal  and  was  concentrated  in  the 
cinder. 

From  the  results  of  the  study,  it  appeared  that  the  formation 
of  the  flue-sheet  cinders  was  due  principally  to  the  presence  of  iron 
in  the  coal  ash  in  percentages  exceeding  about  2.5.  Also  the 
actual  building-up  of  the  cinder  was  readily  understood  when  it 
was  considered  that  upon  shaking  the  grates,  or  even  by  the  jolting 
of  the  engine,  fine  particles  of  ash  were  loosened  and  easily  dra\A'n 
into  the  flues  by  even  a  gentle  draught.  The  high  temperature  of 
the  firebox  and  combustion  chamber  brought  these  fine  particles  to 
a  partially  fused  or  pasty  condition  when  they  contained  a  fair 
percentage  of  iron,  and  upon  coming  in  contact  with  the  flue  sheet 
they  adhered  to  it  and  were  ready  to  hold  the  particles  next  drawn 
against  them. 

It  was  found  in  service  that  the  cinder  grew  from  the  bottom 
of  the  flue  sheet  upward,  this  being  due  to  the  fact  that  the  particles 
of  iron  oxide,  which  were  relati\ely  more  fusible,  were  also  heavier 
and  were  thus  first  drawn  against  the  lower  part  of  the  flue  sheet. 
The  cinder  accumulated  there  until  the  lower  flues  were  partly 
closed;  the  draught  was  then,  of  course,  diverted  upward  and  the 
pasty  particles  of  iron  were  carried  higher  until  all  the  flues  were 
more  or  less  completely  closed. 

In  the  course  of  the  investigation  we  have  found  that  flue- 
sheet  cinders  may  not  in  some  cases  be  produced  e\'en  when  the 
percentage  of  iron  in  the  ash  is  relatively  high,  on  account  of  the 
greater  j^ercentage  of  ash  in  the  coal.  When  less  than  10  or  12 
per  cent,  of  ash  is  present  with  the  percentage  of  iron  indicated 
above,  the  flue-sheet  cinders  may  be  expected  to  form;  but  if  with 
the  .same  content  of  iron  the  proportion  of  ash  in  the  coal  averages 
about  15  |x.'r  cent,  or  more,  the  complaint  is  apt  to  be  that  the  coal 
"haa  no  heat."    The  reason  is  that  so  much  cinder  forms  ui)on 
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the  grate  that  the  draught  is  interfered  with,  which  in  turn  pre- 
vents the  particles  of  iron  from  being  drawn  against  the  flue  sheet 
to  the  extent  that  would  occur  with  a  better  draught;  while 
also,  owing  to  the  lower  temperature  in  the  firebox  under  these 
conditions,  the  particles  are  not  apt  to  be  in  a  partly  fused  condition, 
and  consequently  merely  collect  in  the  flues  without  adhering  to 
them. 

Choking  of  the  draught  through  the  grates  is  especially  liable 
to  occur  when  the  percentage  of  ash  in  the  coal  is  very  low,  say 
less  than  5  per  cent.,  with  a  high  percentage  of  iron,  say  7  per  cent, 
or  more.  Cases  are  known  in  which  the  clinker  upon  the  grates 
under  these  conditions  was  so  fluid  that  it  "ran  like  molasses,"  as 
the  engine  men  said,  sticking  to  the  grate  and  effectively  cutting 
off  the  draught. 

It  has  also  been  noted  that  flue-sheet  cinder  formation  is 
greater  in  simple  than  in  compound  engines,  due  to  the  fact  that 
a  larger  number  of  ash  particles  are  drawn  against  the  flue  sheet 
under  the  stronger  draught  of  the  simple  engine.  The  formation 
is  also  much  more  rapid  with  wet  coal  than  with  dry,  on  account 
of  the  dissociation  of  the  moisture,  in  contact  with  the  incandescent 
coals,  into  oxygen  and  hydrogen  gases  which  together  with  the 
draught  produce  intense  heat  and  fuse  into  cinder  particles  of 
ash  which  contain  a  relatively  smaller  percentage  of  iron  than 
that  which  causes  clinkering  with  dry  fuel.  For  this  reason  flue- 
sheet  cinder  formation  is  apt  to  be  more  prevalent  in  the  winter 
months  than  in  the  dryer  season. 

From  the  general  statements  which  have  been  made  it  is 
clear  that  the  formation  of  flue-sheet  cinders  is  an  index  of  the  fusi- 
bility of  particles  of  the  ash,  and  it  might  be  thought  that  what- 
ever would  tend  to  decrease  the  melting  point  of  the  ash  might 
at  the  same  lime  be  expected  to  increase  this  type  of  cinder 
growth.  The  evidence  obtained  seems  to  indicate  however  that 
this  does  not  necessarily  follow,  and  the  decided  increase  in  the 
content  of  iron  in  the  flue-sheet  cinders  over  that  in  the  coal  ash, 
shows  that  this  element  exerts  a  large  influence  in  promoting  the 
formation.  It  has  been  found  in  practice  that  flue-sheet  cinder 
formation  can  be  avoided  under  ordinary  conditions  of  service 
by  the  use  of  white-ash  coal,  or  coal  in  which  the  proportion  of 
iron  is  less  than  1,5  percent. 


DISCUSSION. 


Mr.  M.  H.  Wickhorst. — I  think  Mr.  Job  has  explained 
the  matter  of  the  formation  of  flue-sheet  clinkers  very  nicely 
from  the  standpoint  of  the  coal;  but  there  is  another  factor  that 
enters  into  the  case,  and  that  is  the  firebox  itself,  and  the  condi- 
tion of  the  flue  ends.  Flue-sheet  clinkers  are  evidently  an 
accretion  of  small  pasty  particles,  as  can  be  seen  by  their 
structure;  but  the  pasty  particles  must  have  some  surface  to 
adhere  to,  and  that  surface  generally  must  be  warm  enough  to 
catch  and  hold  them.  The  flue  ends  are  apt  to  become,  as  boiler 
makers  say,  "whiskered"  or  "burred."  These  fine  "burrs" 
sticking  out  into  the  fire  readily  become  heated,  and  I  have 
noticed  that  the  formation  starts  on  these  flue-sheet  "whiskers." 

Furthermore,  engines  which  leak  badly  are  inclined  to 
become  "honeycombed" — as  the  railroad  expression  is — rather 
quickly,  and  the  impression  seems  to  prevail  pretty  generally 
among  railroad  men  that  it  is  the  honeycombing  that  causes 
leakage.  I  am  rather  of  the  opinion  that  the  same  primary 
condition  produces  both  the  leakage  and  the  formation  on  the 
flue  sheets;  that  is,  if  there  is  much  scale  formation  on  the  tubes 
the  flue  ends  readily  become  overheated,  in  that  way  being 
raised  to  a  sufficiently  high  temperature  to  allow  the  pasty  slag 
to  stick. 
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STRENGTH  OF  STEEL  FROM  STRUCTURAL  SHAPES. 
By  E.  L.  Hancock. 

Recent  studies  to  determine  the  strength  of  steel  cut  from 
different  parts  of  the  profile  of  structural  shapes  have  shown  some 
variation  in  the  elastic  limit  (proportionality  limit).  In  1909 
Professor  Edgar  Marburg  presented  a  paper*  giving  the  results 
of  tests  of  steel  from  Bethlehem  and  Standard  I-beams,  and  a 
paperf  presented  by  the  writer  in  19 10  on  the  same  subject  gave  the 
results  of  further  tests.  During  the  past  year  the  writer  has  made 
further  investigations  on  this  subject,  and  it  now  seems  desirable 
to  bring  all  results  thus  far  obtained  under  examination  in  order  to 
see  just  what  variation  of  the  elastic  limit  exists,  to  inquire  into  the 
causes  of  this  variation,  and  then  to  discuss  the  seriousness  of  the 
variation  and  the  possible  remedies. 

A  review  of  the  possible  causes  for  variation  in  the  propor- 
tionality limit  of  steel  cut  from  different  parts  of  the  profile  of  a 
structural  shape  suggests  the  following: 

1.  Difference  in  chemical  composition. 

2.  Difference  in  amount  of  work  done  on  the  material  in 

rolling. 

3.  Difference  in  working  and  finishing  temperatures  of  the 

metal  in  different  parts  of  the  profile. 

4.  Cold  bending  of  the  beams  in  straightening  (gagging). 

Diference  in  Chemical  Composition. — The  variation  in  the 
chemical  composition  of  steel  cut  from  the  web,  root  and  flange 
does  not  seem  sufficient  to  explain  the  variations  in  the  elastic 
limits  that  have  been  observed.  This  is  shown  by  the  results 
given  by  the  writer  in  the  Proceedings  for  1910  and  in  a  consider- 
able number  of  other  cases.  For  convenience  of  reference,  the 
table  of  analysis  reported  last  yearj  is  repeated  here  as  Table  I. 


*  "Tests  of  Standard  I-Beams  and  Bethlehem    Sjjecial   I-Beams  and  Girder    Beams 
Pr<Keedings,  Vol.  IX,  1909,  pp.  378-407. 

t  "Strength  of  Steel  from  I-Beams."     Proceedings ,  Vol.  X,  1910,  pp.  248-257. 

X  Hancock  on  Tests  of  Steel  from  I-Beams,  Table  IV,  Proceedings,  Vol.  X,  1910,  p.  257. 

(477) 


478    Han'Cock  ox  Tests  of  Steel  from  Structural  Shapes. 


Table  I. — Steel  Analysis. 


Beam. 

Test  Piece 
from 

Elastic  Limit, 
lbs.  per  Bq.  in. 

Is 

^1 

It 

¥ 

Weight. 
Iba.  per  ft. 

3  a 

COS 

A 

6 

f 
13.5-^ 

Web 

Flange 

Root 

32.000 
34.000 
24.000 

0.201 
192 
194 

0.558 
610 
552 

0.059 
98 
94 

0.110 
100 
90 

C 

10 

M 

Web 

Flange 

Root 

24,750 
2fi,600 
27.000 

0.2SI 
2S8 
247 

0.311 
420 

458 

0.112 
20 
60 

0.080 
31 
37 

H 

15 

M 

Web 

Flange 

Root 

19,500 
24,000 
16,500 

0.238 
243 
248 

0.440 
435 
408 

0.007 
06 
11 

0.028 
30 
27 

I 

15 

so   - 

Web 

Fiance 

Root 

27,000 
19,500 
19,.')00 

0.2;2 
225 
241 

0.435 
422 
519 

0.020 
27 
26 

0.042 
39 
35 

J 

18 

65    "1 

Web 

Fiance 

Root 

31,500 
25,500 
19,500 

0.251 
268 
263 

0.518 
SPA 
481 

0.021 
28 
26 

0.032 
37 
35 

K 

20 

05    1 

Web 

Flange 

Root 

34,500 
22,500 
13,500 

0.2:8 
2GI 
253 

0.452 
526 
460 

0.053 
66 
£8 

0.024 
25 
27 

L 

24 

"{ 

Web 

Flange 

Root 

3.3.000 
24,000 
22,500 

0.285 
283 
287 

0.389 

436 
405 

0.010 
08 
07 

0.028 
20 
30 

If 

18 

48.5| 

Web 

Flange 

Root 

19.500 
21,000 
28.500 

0.232 

2.'8 
232 

0.392 
485 
428 

0.007 
10 
10 

0.049 
60 
48 

Beams  L  and  M  are  Bethlehem  Beams;  all  the  others  are  Standard  I-Beams. 

In  view  of  this  evidence  it  was  deemed  unnecessary  to  con- 
sider the  steel  differing  essentially  in  chemical  composition  in 
different  parts  of  the  profile.  Xo  further  study  has  therefore  been 
given  this  matter. 

Difcrence  in  Amount  of  Work  Done  in  Rolling  and  Dijjcrcnce 
in  Finishing  Temperatures. — It  seems  almost  necessary  to  consider 
these  two  causes  together,  since  the  effect  of  the  one  or  the  other 
cannot  be  distinguished  after  the  shape  has  once  cooled.  Professor 
Marburg  obtained  little  variation  in  the  yield  point  and  practically 
no  variation  in  the  tensile  strength,  percentage  of  elongation,  or 
percentage  of  reduction  of  area  that  could  be  attributed  to  the 
position  of  the  test  piece  in  the  profile  of  the  beam.  The  values 
obtained  for  the  elastic  limit  of  test  pieces  from  the  web,  flange  and 
root  of  five  beams  are  given  in  Table  II.* 


•  lUrburg  00  Test*  of  StMt  Bcftms,  Table  II,  Proettdintis.  V.>1.  I.X.  tuoo.  p.  385. 
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Table  II. 


Beam. 


Type. 


Size. 


Test  Piece 
from 


Elastic  Limit, 
lbs.  per  sq.  in. 


Bethlehem  I-Beam 1  24-in.,  72-llj 


Bethlehem  I-Beam., 


Bethlehem  Girder. 


Bethlehem  Girder. 


30-in..  120-lb. 


24-in.,  120-lb. 


30-in  ,  17.=>-lh. 


Standard  I-Beani t  24-iu.,  80-lb  . 


(Web... 
■{  Flange. 
(  Root. . . 

(Web... 

<  Flange. 
(Root... 

(  Web. . . 
■<  Flange. 
(Root.., 

(Web... 

<  Flange, 
(Root... 

(Web.., 

<  Flange, 
I  Root. . , 


43,000 
26,400 
33,800 

26,700 
25,800 
26.400 

35.150 
31,900 
20,200 

34,000 
25,500 
17.100 

24,500 
25,400 
15.200 


In  the  Bethlehem  I-beams  the  web  gives  the  highest  value, 
the  root  next,  and  the  flange  the  lowest.  In  the  first  case  there  is  a 
difference  of  about  17,000  lbs.  per  sq.  in.,  while  in  the  second  there 
is  no  appreciable  difference.  In  the  Bethlehem  girders  the  web 
gives  the  highest  value,  the  flange  next,  and  the  root  the  lowest. 
In  the  standard  I-beam  the  web  and  flange  are  practically  the 
same  and  the  root  some  10,000  lbs.  per  sq.  in,  lower.  In  three  out 
of  five  complete  tests  the  root  gave  the  lowest  values  and  the  flange 
or  web  the  highest. 

The  values  given  in  Table  III  were  obtained  in  the  tests  on 
standard  I-beams  made  by  the  writer  last  year.* 

In  the  case  of  six  out  of  eleven  standard  beanxs,  the  elastic 
limit  was  highest  in  the  web,  lower  in  the  flange,  and  lowest  in  the 
root.  The  first  three,  A,  B  and  C,  are  light  beams  in  which  the 
amount  of  work  done  in  rolling  could  not  vary  much  for  material 
in  different  parts  of  the  profile;  F  and  H,  however,  are  thick, 
heavy  beams. 

In  the  case  of  the  tests  of  material  from  three  Bethlehem  beams 
reported  last  year,f  and  shown  in  Table  IV,  the  relation  of  web, 
flange  and  root  (highest  first)  holds  for  only  one  out  of  the  three. 


•  Hancock  on  Tests  of  Steel  from  I-Beams,  Table  I,  Proceedings,  Vol.  X.  igio.  p.  a45) 
t  Ibid,  Table  II.  p.  aso. 
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Table  III. — ^Tests  of  Steel  from  Standard  I-Beams. 


Beam. 


4l£  o 


10 


13 


12 


13 


la.si 


25 


25 


Web  .. 

Flange 
Root.. 


Web  .. 

Flange 
Root . . 


18 


{ 

31.5^ 

«{ 

65  -j 


Web  .. 
Flange  . 
Root . . 


Web  ... 
Flange  . 
Root . . . 


Web  . . , 
Flange  , 
Root.  . 


Web  . . . 
Flange 
Root. . 


Web.. 
Flange 
Root.. 


•3  as  C 


Web  .. 
Flange 
Root . . 


Web.... 
Flange  . , 
Root 


Web  . . , 

Flange  . 
Root .  . 


Web  . . . , 
Flange  . 
Root 


18.7 

29 

29 

28  3 
28.1 
25 

20.2 
34.4 
25 

31.3 
26.6 
25 

31.2 
21.9 
31.2 

30 

18.7 

31 

28.2 

'26.6 

29 
29 
29 

86 
31 
33 

28.6 

29 

28.6 

28.6 

28 

30 


y  E  I. 

i3a 


46 

49 
60 

61.5 

63 

66.3 

39.2 
48.8 
64  2 

64 

60.6 

63 

66.6 
61.2 
65.6 

68.7 

65 

68 

46.7 

'48*' 

682 
60.8 
60.2 

67.8 

61  2 
66.9 

63 

65  6 
67.5 

45  3 

62  5 
64.3 


32,000 
34.000 
34,000 

30.000 
25.5^ 
33,000 

24.750 
26.600 
27,000 

29,500 
22,600 
19,500 

31,500 
24,000 
19,500 

28.500 
18.700 
24,000 


ri  S  b 

S"  p  a 


68.300 
65.S00 
64,S00 

56.500 
54.  (TO 
68,600 

72.300 
61  200 
66,400 

61,800 

to. fro 

63,700 
59.800 

f.2,roo 

Gl,tCO 

62.200 
62.2'>0 
61,700 

68,700 


O  3 
'■3  » 


99  a 


3rd  in. 
3rd  in. 
4th  in. 


Silky. 


1st  in.     1  Granular 
Center      V      and 
2nd  in.    j     SUky 


31.500 
29,900 
22,500     66,000 


19,500 
24.000 
16,500 

27,000 
19,500 
19.500 

31,500 
25,500 
19,500 


63.300 
55,200 
63,800 

64.300 
55,S00 
55,000 

55,800 
50,700 
60.400 


34,500  62.700 
22,600  O.'^.Sno 
13,600     64.000 


1  Granular 

>  and 

j     Silky. 

"I  Granular 

>  and 

j     SUky. 

1  Granular 

>  and 

j     Silky. 

1  Granular 

>-     and 
j     Silky. 

1  Granular 

>  and 

)     Bilky. 

Grantilar 


Granular 


Granular 


2nd  in. 
4th  in. 
3rd  in. 

4th  in. 
3rd  in. 
2nd  in. 

2nd  in. 
4th  in. 
2nd  in. 

2nd  in. 
1st  in. 
2ud  in. 

3rd  in. 

4th  in! 

3rd  in. 
3rd  in. 
2nd  in. 

3rd  in. 
2nd  in. 
4th  in. 

2ntl  in. 
3rd  in. 
4th  in. 


2nd  in.     j  Graniilar 
3rd  in.    1  >■      and 
2nd  in.  :)     SUky. 


For  Beam  M  the  reverse  is  true,  namely,  root  highest,  flange 
next  and  web  lowest;  and  in  the  case  of  Beam  N  the  order  u 
flange,  web,  and  root.  Summarizing  all  these  tests,  then,  it  is 
seen  that  out  of  the  nineteen  beam  sections  studied  ten  showed  the 
relation  of  high  web  and  low  root  values  for  the  j^roporlionality 
limit,  with  intermediate  values  for  the  flange.  The  remaining  nir.i; 
present  considerable  irregularity.  In  three  beams  the  relation 
is  web,  root,  flange;  in  three  it  is  root,  flange,  web;  in  one,  root, 
web,  flange;  and  in  two,  flange,  web,  root. 

It  seems  reasonable  to  suppose  that  the  web  and  flange  have 
more  work  done  upon  them  in  rolling  than  the  root,  and  also  that 
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Table  IV. — Tests  of  Steel  from  Bethlehem  Beams. 


Beam. 

Specimen 
cut  from 

•rl  2  a 

a-9  8 

•2  go 
-pi 

h4  a 

0 

82 

1 

3  .d 

<  0 

L 

24 

"{ 

Web 

Flange  . .  . 
Root 

25 

28 
28  1 

62.8 
53.8 
57.3 

33,000 
24,000 
22.500 

72.600 
70.000 
67,300 

Center 
4th  in. 
3rd  in. 

Silky. 

M 

18 

48.5-^ 

Web 

Flange  . . . 
Root 

26.6 
31.3 
31.3 

65.4 
65.7 
58.5 

19,500 
21,000 
28,500 

59.600 
57,300 
56.200 

Ist  in. 
2nd  in. 
4th  in. 

Silky. 
•• 

<• 

N 

13 

aa  \ 

Web 

Flange  .  . . 
Root 

21.9 
26.6 
25 

44 

43.7 
51 

31.500 
33,000 
24.000 

72.600 
66,000 
68.400 

1st  in. 
1st  in. 
2nd  in. 

SiUcy. 

they  are  finished  at  a  lower  temperature.  It  would  be  expected 
therefore  that  the  root  metal  would  have  a  somewhat  lower  elastic 
limit  than  either  the  flange  or  the  web,  and  that  the  web  would  have 
the  highest  elastic  strength.  This  would  be  especially  true  in  the 
thick  heavy  beams  and  relatively  much  less  true  in  the  lighter 
thin  beams  where  the  work  done  upon  the  material  is  more  nearly 
the  same  for  different  parts  of  the  profile.  That  almost  one-half  of 
the  beams  reported  should  show  results  differing  from  what  would 
naturally  be  expected  challenges  the  attention,  and  one  is  led  to 
investigate  further  the  elastic  strength  of  structural  shapes. 

During  the  present  year  tests  have  been  made  under  the  direc- 
tion of  the  writer  to  see  '.f  fu^tner  reasons  could  be  found  for  the 
irregularity  observed  in  so  many  cases  hitherto  reported,  and  to 
account  if  possible  for  the  rather  low  elastic  limit  in  some  cases. 
Nine  stub  ends  of  structural  shapes  were  selected  as  follows: 
three  standard  I-beams,  12, 15  and  18  ins.;  one  24-in. Bethlehem 
beam;  three  standard  channels,  4,  12  and  15  ins.;  one  lo-in. 
Bethlehem  H-Section;  and  one  6- in.  angle.  The  details  regard- 
ing these  materials  and  the  results  of  the  tests  are  given  in  Table  V. 

It  is  seen  from  this  table  that  out  of  the  nine  structural  shapes 
investigated,  only  three  give  the  relation  of  web,  flange,  root.  The 
heavy  15-in.  60- lb.  beam  shows  no  variation  between  web,  root 
or  flange.  The  channels  all  give  a  higher  value  for  the  root  and 
about  the  same  for  the  web  and  flange,  except  in  the  case  of  the 
small  4-in.  channel  where  the  web  is  considerably  above  the  flange. 
In  considering  the  results  of  tests  of  these  channels,  it  should  be 
noticed. that  they  are  all  rather  light  sections  and  that  in  any  case 
11 
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Table  V. — Tests  of  Steel  from   Beams,  Channels  and  Angles. 


Beam 


Type 


I-Beam. 


I-Beam. . . 


Bethlehem 
I.Beam 


Channel. 


■J 


15 


18 


24 


Channel . 


Channel. 


Angle. 


Bethlehem 
H-tiection 


.} 


10 


31.5 


60 


55 


73 


5.25 


20.6 


33 


21.9 


88.5 


E2 


3j  .S    «  '  o   ii  I* 


fWeb... 
•<  Flange. 
(Root  .. 

f  Web. . . 
•<  Flange. 
I  Root„ . 

fWeb... 
■<  Flange. 
(Root... 

(Web... 

<  Flange. 
(  Root.. . 

(Web... 

<  Flange. 
( Root  . . 

(  Web. . . 

<  Flange. 
(Root.. 

(Web... 
•<  Range. 
(Root.  . 

(Web-1. 
■{  Root .  . 
(Web-2. 

(Web... 

<  Flange. 
(  Root . . 


28 

24.5 

15 

29 
26 
28 

24 

30.5 

28.5 

23.5 
27.5 
25.5 

24.5 

25 

25 

27 
24 
21 

26 
28 
27 

27 
24 
30 

31 
36 
31 


in. 

_d 

Elastic 
Limit, 
per  sq. 

lbs 

a 

.Set. 

S  0)  o 


61.5 
G8.5 
55 

58 
59 
57.3 

48.7 

63 

55 

56.5 
62.3 
61.2 

61.5 
49.2 
50.4 

58.5 

58 

55 

63.7 
59.3 
65.7 

59.6 

53 

63.3 

60 
53 
51 


32,000 
26,000 
24,000 

24,000 
24,000 
24,000 

34,000 
30,000 
26,000 

44,000 
38,000 
40,000 

42,000 
34,000 
46,000 

34,000 
34,000 
40,000 

24,000 
28,000 
32,000 

34,000 
34,000 
34,000 

26,000 
20,000 
18,000 


36,300 
31,300 
46,600 

31,000 
32,000 
31,900 

36,500 
33,800 
32,200 

60,000 
42,000 
42,000 

44,000 
40,700 
50,000 

41,600 
43,800 
51,500 

35,900 
32,200 
35,800 

39,000 
38,600 
34,200 

31,600 
28.500 
26,000 


59,300 
52,200 
62,000 

60,100 
62,500 


65,300 
61,200 
60,700 

67,500 
62,600 
64,200 

63,200 
64,200 
65,500 

63,200 
65 ,£00 
66,000 

56,500 
60,?00 
59,500 

58,S00 
62,900 
54,200 

53,800 
52,200 
53,100 


Remarks. 


No  strain  lines. 
Strain  lines. 


Pitted  with  rust. 
No  strain  lines. 
No  strain  lines. 
Ileavystrainlines 


No  strain  lines. 
Strain  lines. 


No  strain  lines. 


No  strain  lines. 


No  strain  lines. 


the  root  of  a  channel  received  much  more  work  in  rolling  than  the 
root  of  an  I-beam,  and  that  on  account  of  the  proximity  of  the 
rolls  the  finishing  temperature  is  lower.  The  angle  showed  no 
variation.  The  Bethlehem  beam  section  showed  the  relation  of 
web,  root,  flange. 

A  determination  of  the  carbon  and  manganese  was  obtained 
for  three  of  these  shapes,  as  follows: 

Carbon,    Manganese, 
per  cent,      per  cent. 

(Root 0.358  0.473 

I  Web o.  160  0.438 


4-in.  5.35*lb.  Channel 


'S-'"   .13-lb-  Channel 


(  Rof>t o.  19s 

\  WVI. 0.30S 


0.410 
0.467 


94*in.   73*lb.  Bethlehem  I-nenm. 


Kocit, 


O.15X 

o  .  I  ()  I 


0..638 
0.708 
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The  rather  high  percentage  of  manganese  in  the  Bethlehem 
beam  may  possibl}-  account  for  the  high  elastic  limit  shown  for  the 
test  pieces  cut  from  it.  The  high  values  obtained  for  the  4-in. 
channel  cannot  be  attributed  to  its  chemical  composition,  but  may 
be  accounted  for  in  part  by  the  thinness  of  the  metal. 

Cold  Bending  of  Beams  in  Straightening  {Gagging). — After 
the  beams  and  channels  come  from  the  hot  rolls  and  are  allowed 
to  cool,  they  become  bent  due  to  the  unequal  cooling  of  the  various 
parts.  It  becomes  necessary  therefore  to  straighten  them  while 
cold.  This  process  is  known  as  gagging  and  often  causes  the  mill 
scale  to  come  off,  causing  what  will  be  called  "strain  lines."  The 
presence  of  these  strain  lines  indicates  that  the  metal  has  been 
overstrained  in  straightening.  Overstrain  in  this  connection  is  to 
be  understood  as  meaning  that  the  yield  point  of  the  metal  has 
been  reached  in  the  portions  of  the  beam  where  the  strain  lines 
appear.  This  falling  off  of  the  mill  scale  is  seen  in  all  tension  tests 
of  mild  steel  when  the  yield  point  is  reached,  providing  the  mill 
scale  has  not  been  previously  removed. 

The  effect  of  overstraining  in  tension  upon  the  elastic  proper- 
ties of  iron  and  steel  has  been  investigated  by  Muir,  the  writer,  and 
others,*  and  it  has  been  found  to  have  a  very  marked  effect.  Over- 
straining a  piece  in  tension  or  compression  reduces  its  elastic 
limit  to  zero  or  nearly  zero,  depending  upon  how  much  of  the  yield 
at  the  yield  point  was  developed  before  releasing  the  load.  After 
a  sufficient  rest,  var\'ing  from  a  few  hours  to  eight  or  ten  days, 
according  to  the  kind  of  material,  the  elastic  limit  gradually  returns 
and  reaches  a  value  somewhat  higher  than  the  original.  This  is 
illustrated  in  Fig.  i  .f  where  a  piece  of  steel  cut  from  the  web  of  an 
I-beam  was  overstrained,  re-tested  immediately,  and  allowed  to 
rest,  etc.  In  this  case  the  piece  was  considered  overstrained  when 
the  full  yield,  BC,  Fig.  i,  had  been  developed.  These  phenomena 
have  been  obtained  by  a  number  of  investigators  and  may  be  con- 
sidered well  established.  Fig.  i  is  not  introduced  as  a  proof  of  this 
interesting  behavior  of  the  elastic  limit  but  merely  as  an  example. 
Since  beams  are  straightened  cold  at  the  mills,  as  indicated  by  the 
strain  lines,  it  occurred  to  the  writer  that  this  might  be  a  cause  for 


*  Philosophical  Magazine,  June,  1907. 

t  Acknowledgment  is  made  to  the    Engineer itt;^   Record    for  the  use    of    the  cuts  of 
Figs.  I.  3  and  4. — Ed. 
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tlie  low  values  obtained  for  the  elastic  limit  in  some  cases  and  the 
high  or  irregular  values  in  others. 

The  occurrence  of  the  strain  lines  indicates  that  the  material 
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Elongation  In  8  Ina.,  In*. 

Fio.  I. — Overstrain  of  Steel  from  I-Beam. 

has  been  overstrained.  It  should  then  be  expected  that  it  would 
follow,  if  jKKsiblc,  the  same  laws  that  govern  overstrained  tension 
test  pieces;  namely,  that  its  elastic  limit  would  be  reduced  to  zero 
or  nearly  so,  and  that  subsequent  rest  would  bring  this  elastic  limit 


Hancock  on  Tests  of  Steel  from  Structural  Shapes.    485 

back  to  and  even  above  its  original  value.  It  seems  reasonable 
to  suppose,  however,  that  the  recovery  will  not  be  as  rapid  in  a 
beam  as  in  a  single  test  piece;  that  it  will  be  more  rapid  in  small 
or  thin  beams  than  in  large  or  thick  ones;  that  it  will  be  retarded 
by  the  presence  of  adjacent  material  that  has  not  been  overstrained. 
This  latter  supposition  will  be  made  clearer  by  referring  to  Fig.  2. 
This  photograph  shows  three  lo-in.  25-lb.  I-beams  as  they  were 
received  from  the  mill.  No.  i  is  marked  as  "not  gagged,"  but 
it  shows  strain  lines  all  along  both  flanges  indicating  that  it  had 
been  straightened.  No.  2  was  "lightly  gagged"  and  No.  3 
"heavily  gagged."  The  depth  of  the  strain  lines  on  the  web 
indicates  the  spots  where  the  overstraining  was  most  se\ere.     These 


•|  IftfUiil  I  I  II       II I  II  ■  ■■■— 


Fig.  2. 

overstrained  portions  and  the  adjacent  portions  not  overstrained 
indicate  that  there  must  be  internal  stresses  in  the  beam  and  that 
recovery  from  overstrain  might  be  considerably  retarded  by  these 
stresses. 

In  selecting  the  material  from  which  the  tests  recorded  in 
Table  V  were  made,  particular  attention  was  paid  to  the  evidence 
of  overstrain  in  the  portion  of  the  beam  by  observing  the  presence 
or  absence  of  strain  lines.  The  last  column  gives  a  record  of  these 
observations.  Examining  this  table  with  this  information  in 
mind,  we  observe  that  the  web  of  the  1 2-in.  beam  shows  no  evidence 
of  overstrain  while  the  flange  and  root  do  show  such  evidence. 
The  results  for  the  elastic  limit  are  entirely  consistent  with 
the  above  observations  as  well  as  with  the  amount  of  work 
done  in  rolling.  The  15-in.  beam  was  so  pitted  with  rust  that  all 
strain  lines,  had  they  ever  existed,  must  long  since  have  been 
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obliterated.  There  is  no  variation  in  the  elastic  limit  and  since 
this  is  a  thick  hea\T  beam  a  ven-  high  elastic  limit  would  not  be 
expected.  A  difference  due  to  work  in  rolling  might  be  expected, 
however.  No  strain  lines  are  shown  on  the  i8-in.  beam  and  the 
values  obtained  for  the  elastic  limits  are  explainable  by  the  work 
in  rolling.  The  24-in.  Bethlehem  beam  showed  no  strain  lines 
and  the  values  for  the  clastic  limit  of  root  and  flange  are  so  nearly 
equal  as  to  call  for  no  particular  discussion.  The  4-in.  channel 
was  evidently  heavily  gagged  and  the  high  values  obtained  for  the 
elastic  limit  may  be  attributed  to  the  complete  recover)'  from  the 
overstrain.  That  the  root  is  so  much  higher  than  the  other  por- 
tions may  be  due  to  a  greater  amount  of  work  in  rolling  and  to  the 
finishing  temperature.  In  the  12-in.  channel  there  seems  to  have 
been  complete  recover)'  from  the  overstrain,  while  in  the  15-in. 
channel  and  the  angle  there  were  no  signs  of  overstrain. 

The  lo-in.  Bethlehem  H-section  was  selected  as  a  type  of 
hea\y  section,  the  flange  being  one  inch  thick.  This  particular 
section  had  been  in  storage  two  years  so  that  all  strain  lines  had 
disappeared,  and  the  metal  should  have  recovered  its  normal 
elastic  properties.  It  is  believed  that  the  values  of  the  elastic 
limit  for  these  pieces  are  low  because  of  the  small  amount  of 
work  done  in  rolling  and  the  comparatively  high  finishing  tem- 
peratures. 

An  attempt  was  made  to  test  the  three  lo-in.  25-lb.  standard 
I-beams  as  beams  by  supporting  them  at  the  ends  and  loading 
them  at  the  middle.  The  results  of  the  tests  were  not  satisf actor)', 
since  the  beams  yielded  on  account  of  lack  of  side  restraint.  The 
results  of  the  bending  tests  are  for  this  reason  not  reported.  The 
bending  tests  were  carried  far  enough  to  cause  scaling  of  the  beam 
at  the  center  and  were  then  discontinued.  Eighiecn-inch  lengths 
were  cut  from  the  middle  and  left-hand  end  of  each  beam. 
Test  pieces  were  cut  from  the  compression  flange  and  root  and  from 
the  center  of  the  web.  These  were  tested  in  tension.  The  results 
are  shown  in  Table  VI  and  in  Figs.  3  and  4. 

It  is  presumed  that  the  end  sections  of  the  beam  (E)  were  so 
slightly  stressed  that  the  elastic  properties  in  tension  were  not 
appreciably  changed.  The  test  pieces  cut  from  the  ends  should 
then  show  the  strength  of  the  metal  from  Beams  i ,  2  and  3  irrespec- 
tive of  the  bending  tests. 
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Table  VI. — Results  of  Tests  of  Pieces  Cut   from    io-in.    25-LB. 
Standard  I-Beams. 


Test  Piece. 

Elongation 
in  8  ins., 
per  cent. 

Reduction 
of  Area, 
per  cent. 

Elastic 

Limit, 

lbs.  per  sq.  in. 

Yield 

Point, 

lbs.  per  sq.  in. 

Maximum 

Strength, 

lbs.  per  sq.  in. 

1  E  W. . . . 

2  E  W.... 

3  E  W.,.. 

30 

32 
20.5 

62.2 

60 

58 

32,000 
32,000 
32,000 

36,600 
36,200 
36,000 

57,700 
58,100 
58,400 

1  E  F.... 

2  E  F.,.. 

3  E  F.... 

30 

25.5 

20 

64.2 
62.3 
60.2 

28,000 
20,000 
24,000 

33,100 
30,900 
33,400 

57,800 
58.000 
68,000 

1  E  R 

2  E  R.... 

3  E  R 

30 

25,5 

23.5 

02.5 

58 

03 

28.000 
20,000 
28,000 

33,630 
33,300 
32,000 

58,000 
59,100 
59,200 

1  C  W..  . . 

2  C  W..  ,  . 

3  C  W.. .  . 

20.5 

30 

29.5 

00 

03.3 

02.8 

30,000 
30,000 
28,000 

35,600 
35,200 
35,100 

53,300 
57,700 
59,500 

1  C  F 

2  C  F 

3  C  F 

29 
25 
22 

58.7 

00 

02 

16,000 
28,000 
14,000 

32,200 
31,800 
35,700 

58,100 
58,300 
68,200 

1  C  R 

2  C  R 

3  C  R 

24.5 
22 

62.8 
58.7 
61.2 

14,000 
22,000 
16,000 

29,500 
37,000 
38,300 

57,200 
60,000 
59,750 

NoTK. — Nos.  1,  2,  and  3  refer  to  the  beams  shown  in  Fig.  2.     E  refers  to  the  end 
portion;  C  to  the  center  portion;  W,  F,  and  R  refer  to  web,  flange,  and  root. 

The  time  between  the  gagging  of  the  beams  and  the  cutting 
of  the  sections  was  about  three  months  and  the  tests  were  made 
about  a  month  later.  The  beams  were  thin  and  hght  and  the 
material  probably  had  sufficient  time  to  recover  from  the  overstrain 
due  to  gagging  before  the  tension  tests  were  made.  This  view  is 
confirmed  by  the  values  of  the  elastic  limit  for  the  E  pieces  given 
m  Table  VL 

The  center  sections  (C)  were  overstrained  in  the  testing  ma- 
chine about  one  month  before  being  tested  in  tension.  Beam  2 
was  not  overstrained  quite  as  much  as  Beams  i  and  3.  The  effect 
of  this  overstraining  is  shown  in  the  low  values  obtained  for  the 
elastic  limit  of  the  flange  and  root  pieces.  It  is  belived  that  this 
overstrain  reproduces  very  closely  the  same  effect  as  the  gagging 
at  the  mill,  and  the  tension  tests  show  that  even  after  the  lapse  of 
three  or  four  weeks  the  material  has  not  regained  its  original  elastic 
strength.  The  great  difference  between  the  elastic  limit  and  yield 
point  should  also  be  noted.  The  similarity  of  the  low  elastic 
limit  occurring  with  the  normal  yield  point  in  the  root  and  flange 
pieces  from  the  center  (C)  to  those  obtained  by  Professor  Mar- 
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Fig.  3. — Tension  Tests  of  Specimens  from  I-Beams. 
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Pio.  4. — ^Tension  Texts  of  Specimens  from  I-Beamt, 
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burg*  suggests  a  probable  similarity  of  cause.  That  is,  it  seems 
reasonable  to  suppose  that  portions  of  the  beams  from  which  his 
test  pieces  were  obtained  had  been  recently  gagged. 

Test  pieces  were  cut  from  the  other  side  of  the  compression 
flange  of  the  C  sections.  These  were  heated  to  about  1600°  F. 
and  allowed  to  cool  slowly.  They  were  then  finished  and  tested. 
The  results  are  as  follows: 


Elastic  Limit, 

Other  Side  of 

Flange  Untreated, 


Elastic  Limit  after 

Test  Piece.  Heating  to  1600°  F. 

lbs.  per  sq.  in.  iC°     ~    "~~" 

^       ^  lbs.  per  sq.  in 

I  C  F 24,000  16,000 

2CF 24,000  28,000 

3CF 26,000  14,000 

The  results  show  a  considerably  higher  elastic  limit  after  treatment 
for  the  pieces  from  Beams  i  and  3,  as  would  be  expected  if  the  low 
values  were  caused  by  overstrain.  Test  piece  2  C  F  shows  little 
variation. 

To  determine  whether  or  not  the  results  of  tests  obtained  by 
the  writer  last  year  could  be  checked  this  year  by  testing  pieces  from 
the  opposite  root  and  flange  (most  of  these  had  been  saved),  test 
pieces  were  pre])ared  from  the  opposite  root  and  flange  of  Beams 
H  (15-in.  60-lb.)  and  K  (20-in.  65-lb.).  The  results  of  these  tests 
are  as  follows : 

Elastic  Limit 
Elastic  Limit  (obtained  1 9 1 1 

Beam.  ^^J"     *^^^  (obtained  1910),  from  opposite 

^^  lbs.  per  sq.  in.  flange  and  root). 


lbs.  per  sq.  in. 

TT  1  Flange ^2,500  28,000 

Root 13,500  22,000 


{ 


K 


f  Flange 24,000  26,000 

(^  Root 16,500  24,000 

This  seems  to  indicate  a  recover)^  of  the  elastic  limit  perhaps 
from  overstrain,  although  there  was  at  this  time  (191 1)  no  evidence 
of  strain  lines  on  either  of  these  beam  sections.  The  expense  of  the 
preparation  of  the  test  pieces  has  made  impossible  the  testing  of 


♦  See  Proceedings,  Vol.  IX,  1909,  p.  385. 


490    Hancock  on  Tests  of  Steel  from  Structural  Shapes. 

pieces  from  the  remaining  sections  investigated  in  1910,  although 
most  of  these  sections  have  been  stored  for  safe  keeping. 

Further  tests  were  made  upon  material  from  an  i8-in,  55-lb. 
standard  I-beam  to  determine  the  effect  of  gagging.  One  section 
of  the  beam  was  heavily  gagged  and  another  section  not  gagged  at 
all.  Test  pieces  were  cut  from  the  root  and  web  and  tested  as 
soon  as  possible  (within  a  month  of  the  time  of  gagging).  The 
results  are  given  in  Table  \'II.  The  average  value  of  the 
elastic  limit  for  the  gagged  pieces  is  19,500,  and  that  for  the  pieces 
not  gagged  27,000  lbs.  per  sq.  in. 

Table  VII. — Results  of   Tests   of    Pieces  Cut  from  an   i8-in. 
55-LB.   Standard  I-Beam. 


Test 
Piece. 

Elongation 

Reduction 

Elastic 

Yield 

Maximum 

Treatment. 

in  8  ins., 

of  Area, 

Limit,  lbs. 

Point,  lbs. 

Strength,  lbs. 

per  cent. 

per  cent. 

per  sq.  in. 

.  per  sq.  in. 

per  sq.  in. 

W^b .. . 

Gagged 

23 

57 

20.000 

32,800 

60.100 

Wob... 

28.5 

59 

18.000 

30,000 

59.000 

Rot... 

" 

20.5 

56 

22.000 

30.600 

61,100 

^T:.: 

" 

26 

50 

18,000 

36,100 

62.000 

'   Not  gaftged 

30 

55 

28,000 

33,300 

58.700 

V.' ;  ... 

•'         " 

28 

56 

30.000 

34.000 

59.000 

Root... 

j     "         " 

28.5 

56 

26.000 

33,100 

69.700 

Root... 

1 

30 

1         "" 

24,000 

32,000 

60.500 

All  the  evidence  seems  to  show  that  overstraining  a  beam 
lowers  the  elastic  limit  of  the  metal  in  the  beam  temporarily  but 
that  this  elastic  limit  returns  after  a  period  of  rest.  The  time  at 
which  the  normal  elastic  limit  has  again  been  reached  dcj)cnds 
upon  the  amount  of  overstrain,  the  size  of  the  beam  (height  and 
thickness),  and  probably  somewhat  upon  the  chemical  composition 
of  the  material.  From  the  few  tests  made  it  might  be  said  that 
the  time  ncccssar)-  for  complete  recovery  of  10-  to  20-in.  beams 
varies  from  three  months  to  a  year. 

It  has  been  noticed  that  nearly  all  the  finished  test  i)ieces 
were  slightly  bent,  su[)poscdly  due  to  the  internal  stresses,  and  an 
attempt  was  made  to  find  some  relation  between  the  condition 
of  the  test  piece  as  to  bending  and  its  clastic  limit.  With  the  Ewing 
extensomctcr  used  in  making  the  recent  tests  this  bending  due  to 
internal  stresses  does  not  seem  to  affect  the  results.  It  was  noticed 
that  the  pieces  annealed  before  finishing  (i  C  F,  2  C  F,  and 
3  C  F)  showed  no  signs  of  bending. 
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Conclusions. — The  above  review  of  the  tests  thus  far  made 
on  steel  cut  from  different  parts  of  the  profile  of  structural  shapes 
and  a  study  of  the  conditions  of  manufacture  of  such  shapes  leads 
to  the  following  conclusions: 

1.  That  the  tensile  strength,  percentage  of  elongation,  and 
percentage  of  reduction  of  area  are  practically  not  affected  by 
chemical  composition  or  treatment  during  or  after  rolling;  that 
the  yield  point  is  affected  but  slightly;  that  the  elastic  limit  is 
affected,  but  not  seriously  when  the  proper  precautions  are  talicn. 

2.  The  chemical  composition  of  open-hearth  steel  beams  is  so 
uniform  throughout  as  to  cause  no  practical  difference  in  the 
strength  of  metal  cut  from  different  parts  of  the  profile. 

3.  If  all  parts  of  the  profile  of  a  beam  were  finished  at  the  same 
temperature,  it  would  be  expected  that  the  root  of  the  web  would 
have  a  slightly  lower  elastic  limit  than  the  center  of  the  web  or 
the  flange  because  of  the  smaller  amount  of  work  done  upon  it  in 
rolling.  But  the  flange  and  web,  being  thinner,  are  finished  at  a 
slightly  lower  temperature  than  the  root  and  so  have  their  elastic 
strength  increased  still  more.  The  web  probably  receives  more 
work  than  the  flange  in  rolling. 

4.  Overstraining  structural  shapes  lowers  the  elastic  limit  of 
the  metal  but  not  permanently,  the  elastic  limit  returning  to  and 
above  its  original  value  when  the  materia^  is  allowed  to  rest.  Cold 
straightening  of  beams  probably  accounts  for  some  low  values  of  the 
clastic  strength  obtained  in  recent  investigations.  The  evidence  of 
recovery  should  give  confidence  to  the  users  of  these  materials. 

The  writer  wishes  to  thank  Mr.  H.  G.  Parker,  Mr.  E.  P. 
Peterson,  and  Mr.  H.  R.  Winter,  members  of  the  Senior  Class 
of  the  Worcester  Polytechnic  Institute,  for  their  faithful  services 
in  canning  out  many  of  the  tests  recorded  above. 


A  STUDY  OF   THE   ELASTIC    PROPERTIES    OF   A 
SERIES  OF  IRON-CARBOX  ALLOYS. 

By  C.  R.  Jones  and  C.  W.  \\'aggoner. 

The  original  object  of  this  study  was  to  determine  whether 
any  relation  existed  between  the  variation  of  the  tensile  properties 
and  certain  kno\Mi  magnetic  properties*  of  this  series  of  steels. 
The  steels  were  made  expressly  for  experimental  purposes  and  the 
tests  were  made  under  the  direction  of  the  writers  by  George  G. 
Crewson  and  T.  S.  Patterson  as  the  basis  of  a  thesis  in  Mechanical 
Engineering  at  West  Virginia  University. 

The  steels  were  made  by  the  crucible  process  and  after  being 
rolled  were  allowed  to  cool  in  air.  The  clicmical  analysis  of  each 
specimen  is  given  in  Table  I.  The  steel  marked  (.v)  does  not 
belong  to  this  series,  but  is  a  remarkably  pure  piece  of  iron  and  was 
used  because  of  its  low  carbon  content.  The  small  variation  of  all 
the  elements  in  the  series  proper,  except  carbon,  is  worthy  of  note, 
and  microscopic  study  has  shown  the  steels  to  be  quite  homogeneous. 
The  carbon  varies  from  0.60  to  1.37  ])er  cent.,  while  the  phos- 
phorus varies  from  o.oi  to  0.013  P^'"  cent.,  the  silicon  from  0.14 
to  0.19  per  cent.,  the  manganese  from  0.14  to  0.17  per  cent.,  and 
the  sulphur  from  0.012  to  0.014  V^^  cent. 

It  is  a  matter  of  regret  that  the  range  in  the  percentage  of  car- 
bon was  not  greater  and  also  that  only  a  single  specimen  of  each 
steel  was  available;  but  owing  to  the  purity  of  the  steel  it  is  believed 
that  the  results  are  worthy  of  publication. 

All  the  test  pieces  were  made  from  rods  0.625  ^-  ^  diameter 
and  were  turned  to  a  diameter  of  0.46  in.  for  a  length  of  2  ins.,  and 
fitted  with  §-in.  threads  at  the  ends,  .\ftcr  being  turned  to  size 
within  0.00 1  in.,  the  steels  were  annealed  for  two  hours  at  1000°  C. 
in  an  electric  resistance  furnace  and  allowed  to  cool  in  the  furnace. 
This  temperature  was  chosen  because  the  steels  used  in  the  mag- 
netic determination  liad  been  annealed  in  a  similar  way.     An  hour 

*  ^atsooar,  Pkytual  Kninv,  Vol.  X X  v  i  i  i ,  i qoq.  i>.  30J 
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was  required  to  bring  the  furnace  up  to  the  specified  temperature. 
The  rate  of  cooling  was  not  observed.  After  cooling,  the  coating 
of  oxide  was  removed  by  light  filing. 

Fig.  I  shows  the  stress-deformation  diagrams  for  the  entire 
series,  and  the  calculated  results  are  given  in  Table  I.  These 
results  are  illustrated  graphically  in  Fig.  2,  the  percentage  of  carbon 
being  plotted  as  the  abscissas,  with  the  ultimate  strengths,  elastic 
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Fig.  I. — Stress-Deformation  Diagram  for  Steels  with  Varying 
Percentages  of  Carbon. 


limits,  percentage  of  total  elongations,  and  percentage  of  reduc- 
tions of  area  as  ordinates  respectively.  For  purposes  of  com- 
parison Tables  II  to  IV,  inclusive,  have  been  compiled  from  the 
results  of  other  investigators  along  the  same  or  similar  lines. 
These  results  have  also  been  plotted  in  Fig.  2. 

Taking  up  the  series  of  curves  in  the  order  in  which 
they  appear  in  Fig.  2,  it  will  be  noted  that  all  the  maximum 
strength -carbon  curves  are  similar  in   form  and  similar  to  the 
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tensile  strength  -  carbon  cur\e  predicted  by  H.  M.  Howe*  from 
purely  theoretical  considerations  of  the  microscopic  constituents. 
His  curves  show  a  maximum  at  or  near  the  eutectoid  ratio  for  the 
iron-carbon  diagram.  Stoughtonf  has  suggested  that  the  intimate 
mixture  of  the  crystalline  constituents  when  the  steel  is  near  the 
eutectoid  ratio  has  the  effect  of  increasing  the  molecular  attraction 
between  the  crystals,  thus  raising  the  maximum  strength  of  the 
material;  for  below  the  eutectoid  the  pearlite  is  surrounded  by  a 
network  of  soft  ferrite  while  above  it  is  surrounded  by  a  network 
of  cementite,  both  of  these  networks  having  a  weakening  effect 
upon  the  attraction  between  the  molecules  of  the  crystals. 
Although  the  experimental  maximum  seems  to  occur  at  a  lower 
percentage  of  carbon  than  predicted  by  Howe,  the  curves  show  a 
strong  confirmation  of  the  theories  of  Howe  and  Stoughton.  The 
results  of  the  tests  made  by  the  writers  would  indicate  that  pure 
iron  should  have  a  tensile  strength  of  about  40,000  lbs.  per  sq. 
in.,  and  that  the  tensile  strength  of  the  series  of  annealed  crucible 
steels  tested  increased  about  630  lbs.  for  each  0.0 1  per  cent, 
of  carbon  up  to  0.89  per  cent.,  after  which  the  strength  gradually 
decreased. 

In  addition  to  the  test  recorded  in  Table  II,  Professor  Harbord 
made  another  test  on  the  same  series  of  steel  which  he  soaked  at 
at  750°  C.  for  twelve  hours.  The  maximum  strength  -  carbon 
curve  for  this  heat  treatment  follows  the  same  general  law  and  up 
to  the  point  of  maximum  strength  agrees  closely  with  that  of  the 
writers.  It  is  somewhat  more  irregular,  however,  crossing  the 
writers'  curve  three  times  and  falling  away  more  rapidly  after 
reaching  a  maximum.     It  is  omitted  here  to  avoid  confusion. 

The  difference  between  the  several  maximum  strength  -  carbon 
curves  is  not  greater  than  could  be  reasonably  accounted  for  by 
differences  in  heat  treatment  and  chemical  composition.  The 
curves  fall  in  the  order  in  which  they  would  be  logically  placed 
by  the  methods  of  annealing  employed,  and  Harbord's,  the 
vn-iters',  and  Arnold's  curves  appear  in  the  order  of  their  respective 
percentages  of  manganese. 

The  elastic  limit  -  carbon  curves  seem  to  follow  the  same 
general  law  as  the  maximum  strength  -  carbon  curve,  the  maxi- 

*Howe's  "Iron  and  Steel  and  other  Alloys." 
tStoughton's  "  Metallurgy  of  Iron  and  Steel." 
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mums  for  the  curves  plotted  occurring  at  the  same  percentages  of 
carbon.  The  variation  of  the  stresses  at  the  elastic  limit,  however, 
is  much  less  marked  than  the  variation  of  the  maximum  strengths, 
and  in  other  tests  that  the  writers  investigated  the  results  were 
either  irregular  or  showed  more  than  one  critical  point. 

The  curves  for  total  elongation  and  reduction  of  area  are 
similar,  and  indicate  that  there  is  a  critical  point  in  each  correspond- 
ing to  the  percentage  of  carbon  which  gives  maximum  strength. 
This  critical  point  may  represent  a  minimum  value  or  a  marked 
change  in  the  direction  of  the  curve. 

A  comparison  of  the  curves  between  the  tensile  strength  and 
carbon,  and  those  for  the  magnetic  hysteresis  loss,*  show  a  striking 
similarity  as  to  shape.  The  maximum  occurs  a  little  later  in  the 
magnetic  hysteresis  -  carbon  curve  than  in  the  tensile  strength  -  car- 
bon curve,  both  maxima  occurring  near  the  eutectoid  ratio  of  the 
iron-steel  diagram.  The  similarity  in  shape  between  these  curves 
would  indicate  a  close  relationship  between  the  magnetic  hysteresis 
and  the  tensile  strength  of  annealed  steel.  If  we  assume  that  the 
hysteresis  loss  is  due  to  the  reversal  of  polarity  of  the  ferrite  mole- 
cule in  the  steel  when  placed  in  an  alternating  magnetic  field, 
it  seems  probable  that  the  increase  in  magnetic  hysteresis  up  to 
the  eutectoid  ratio  may  be  due  to  the  decrease  in  free  ferrite  and 
the  increase  in  pearlite,  the  opposition  to  reversal  of  magnetism 
increasing  with  the  decreasing  percentage  of  free  ferrite.  The 
occurrence  of  the  maximum  of  hysteresis  at  the  eutectoid  ratio 
may  be  due  to  the  very  intimate  mixture  of  solid  ferrite  and  ccmen- 
tite — so  intimate,  in  fact,  that  the  reversal  of  magnetism  is  obtained 
only  by  the  application  of  a  large  magnetizing  force. 

The  decrease  in  the  hysteresis  loss  with  increased  cementite 
above  the  eutectoid  ratio  would  seem  to  be  due  to  the  freeing  of 
the  ferrite  molecules  in  the  solid  mass  of  pearlite  by  the  net-work 
of  excess  cementite  which  surrounds  the  pearlite  crystals  and 
separates  them  from  each  other,  making  it  eiusicr  for  the  ferrite 
molecules  to  follow  the  alternations  of  the  impressed  magnetic 
field.  This  breaking  up  of  solid  jKarlile  of  course  increases  with 
the  excess  cementite  or  total  carbon. 

A  further  similarity  between   the   magnetic   hysteresis  and 
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tensile  strength  is  sho\vn  in  the  fact  that  mechanical  working  of  a 
steel  produces  an  increase  in  both  properties.*  This  fact  follows 
naturally  from  the  explanations  gi\'en  for  each  property  above. 

Hadfieldf  has  shown  that  the  eflfect  of  the  temperature  of 
liquid  air  on  the  mechanical  properties  is  to  increase  the  strength 
at  the  lower  temperatures.  Cooling  steels  to  the  temperature  of 
liquid  air  has  been  shown  to  produce  an  increase  in  the  hysteresis 
lossjj  when  at  high  magnetizations,  over  the  loss  at  ordinary  tem- 
peratures. This  increased  density  of  the  steels  produced  by  the 
low  temperatures  seems  to  have  the  same  effect  on  both  the  mag- 
netic hysteresis  and  the  maximum  strength. 

The  magneto-strict  ion  of  this  series  of  steels  has  been  studied 
by  Dorsey,§  who  found  that  J///  maximum  decreases  with  the 
carbon  content  to  about  0.9  per  cent,  carbon  and  then  increases. 
Assuming  that  magneto-striction  Is  nothing  more  than  the  attempt 
on  the  part  of  the  ferrite  molecules  to  orient  themselves  in  a  certain 
way  under  the  inlluencc  of  a  very  high  magnetic  field,  the  shape 
of  the  magneto-striction  -  carbon  curve  with  its  minimum  near  the 
eutectoid  may  be  exi^lained  in  a  manner  similar  to  that  given  above 
for  the  tensile  strength  and  magnetic  hysteresis.  In  the  case  of 
magneto-striction  we  have  to  deal  not  only  with  the  difficulty  of 
orientation,  but  also  with  the  fact  that  the  material  actually  elongates 
under  the  magnetic  force,  thus  bringing  into  account  its  tensile 
properties. 

From  the  above  study  it  would  seem  that  in  general  the  factors 
which  inlluence  the  tensile  strength  of  an  annealed  steel  also  influ- 
ence, in  the  same  way,  its  magnetic  hysteresis.  In  the  series  of 
steels  tested  those  factors  are:  the  carbon  content,  the  mechanical 
working,  and  the  increased  density  caused  by  extreme  low  temper- 
ature. 


♦See  Waggoner,  Physical    Revieiv,  Vol.  XXVIII,  iooq,  p.  309,  fo.   effect  upon    the 
magnetic  hysteresis  of  forging  steel. 

t  Hadfield,  Journal.  Iron  ana  Steel  Institute,  Vol.  67,  1905,  p.  147. 
J  Waggoner,  Physical  Review,  Vol.  XXVIII,  igop,  p.  307. 
§  Dorsey,  Physical  Review,  Vol.  CLXX,  1910,  p.  715. 


SOME   RECENT    DEVELOPMENTS  IN  TESTING 
BOILER   TUBES. 

By  F.  N.  Speller. 

It  is  generally  understood  that  much  depends  on  the  boiler 
tube,  especially  in  locomotive  service,  this  being  relatively  the 
weaker  member,  so  that  the  usefulness  of  an  engine  is  frequently 
determined  by  the  strength  of  its  weakest  tube. 

A  variety  of  specifications  have  been  drawn  up,  with  that  of  the 
American  Railway  Master  Mechanics  Association  as  a  basis,  to 
regulate  the  quality  of  the  material  and  the  manufacture  of  loco- 
motive boiler  tubes.  At  the  present  time  each  road  has  a  specifica- 
tion of  its  own,  usually  differing  in  some  pomts  from  the  others, 
but  in  general  they  require  a  flanging,  flattening  or  crushing- 
down  test  on  one  out  of  each  lot  of  loo  or  250  tubes.  In  the 
manufacture  of  lap-welded  tubes,  we  have  found  it  necessary,  in 
order  that  the  tubes  will  be,  as  far  as  possible,  uniformly  satisfac- 
tory, to  make  such  tests  on  each  end  of  every  tube,  and  have 
designed  a  special  machine  to  make  these  tests  on  the  crop  ends  as 
they  are  cut  off". 

Fig.  I  is  made  from  a  photograph  of  this  machine  showing 
the  crop  end  or  short  piece  from  a  tube  m  the  act  of  being  flattened 
down  in  the  horizontal  grips,  which  hold  the  piece  while  a  flange 
is  turned  by  a  die.  At  the  same  time  the  sample  is  crushed  down 
in  the  direction  of  the  axis  of  the  tube  as  shown  in  Figs.  2  and  3. 
The  machine  is  operated  by  hydraulic  power,  both  the  horizontal 
and  vertical  cylinders  being  controlled  by  the  same  lever.  The 
flanging  die  is  preferably  magnetized  by  a  coil  so  as  to  keep  the 
sample  in  place  until  the  grips  take  hold.  By  placing  the  machine 
in  a  convenient  position,  it  may  be  (juickly  operated  by  the  man 
who  cuts  off  the  crop  end,  thereby  enabling  him  to  separate  tubes 
which  are  not  welded  or  which  show  other  defects.  While  experi- 
menting with  flanging  dies  for  this  machine,  we  received  one  from 
James  H.  Gibboney,  Chief  Chemist,  Norfolk  and  Western  Railway 
Company,  which  proved  quite  satisfactory  for  the  purpose.  This 
test,  made  on  every  tube,  makes  it  practically  certain  that  the  weld 
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is  as  strong  as  other  parts  of  the  tube,  and  that  the  physical  proper- 
ties are  uniformly  up  to  the  standard  required. 

Among  the  various  requirements  in  specifications  written  for 
locomotive  boiler  tubes,  there  are  naturally  in  each  many  excellent 
provisions,  some  of  doubtful  value,  and  a  few  clauses  which  tend 


Fig.  X. — Flanging  Machine,  Sample  of  Tube  at  First  Stage  of  Test. 


to  produce  the  opposite  result  from  that  for  which  the  specifica- 
tion was  written. 

Locomotive  tubes,  whether  seamless  or  lap-welded,  must 
sooner  or  later  be  safe-ended;  hence  the  welding  quality  of  the 
metal  should  be  one  of  the  first  considerations  in  manufacture. 
Some  specifications  now  written  restrict  the  chemical  composition 
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in  some  particulars,  so  as  to  hamper  the  manufacturer  in  making 
a  good  welding  steel.  There  is  no  difficulty  in  making  steel  with 
a  maximum  of  0.03  per  cent,  of  phosphorus  if  necessary,  but  there 
is  reason  to  believe  that  0.05  per  cent,  of  phosphorus  is  a  more 
reasonable  maximum  limit  which  does  no  harm,  and,  with  other 
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PiO.  a.-  Flanging  Machine,  showing  Finished  Test. 


conditions  the  same,  will  give  a  tube  bettor  adapted  to  service 
and  much  more  easily  welded. 

Another  restriction  which  cx|)eriencc  teaches  is  operating 
against  the  best  f|uality  in  locomotive  boiler  tubes  is  unreasonable 
sulphur  rcrjuircmcnts.  The  highest  sul[)hur  allowed  in  samples 
taken  from  individual  tubes  is,  in  some  cases,  0.035  {Kjrcent.,  which 
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means  that  in  the  ladle  test  it  must  not  exceed  0.030  per  cent. 
With  producer  gas  this  means  that  the  heat  must  often  be  held  and 
a  heavier  burden  of  lime  carried,  which  tends  to  render  the  steel 
"dry"  in  welding  and  more  liable  to  be  crystallized  or  burned. 
If  there  is  any  advantage  in  a  closer  sulphur  specification  than  say 
0.05  per  cent,  on  samples  taken  from  individual  tubes,  we  would 
be  glad  to  learn  what  is  gained  thereby  from  those  who  have  had 


(o) 


(6) 


(c) 


(a)  Crop  End  before  Testing.  (6)   Same  after  Flattening, 

(c)   Finished  Test. 

Fig.  3. 


more  experience.  Personally,  I  have  not  found  a  case  of  failure 
which  could  be  attributed  to  the  sulphur  being  as  high  as  0.05 
per  cent.;  on  the  other  hand,  there  are  undoubtedly  countless 
numbers  of  tubes  giving  good  service  which  contain  close  to  this 
amount  of  sulphur. 

Analyses  of  the  surface  of  beads  taken  from  tubes  after  being 
in  the  boiler  some  time,  show  that  sulphur  is  absorbed  from  the 
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hot  flue  gases,  so  that  if  there  is  any  advantage  in  using  steel  of 
0.030  per  cent,  sulphur,  it  would  appear  to  be  only  temporary. 
The  results  of  this  investigation  are  given  in  the  diagram  in  Fig.  4. 
The  engines  from  which  these  tubes  were  taken  had  been  operating 
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FlO.  4. — Diagram  showing  Amount  of  Sulphur  absorbed 
by  Tube  Ends  from  Flue  Gases  in  Locomotive  Firebox. 
I^wer  Shaded  Portion -per  cent,  original  Sulphur; 
Upper  Open  Portion  -  increase  of  Sulphur  in  Bend. 

on  different  roads  under  widely  different  conditions,  but  in  each 
case  the  tubes  had  all  given  equally  good  service  and  were  being 
removed  for  safe-ending.  It  also  appears  from  a  comparison  of 
the  sulphur  taken  up  by  individual  tubes  under  the  same  con- 


Heat  No. 

Number 

tested. 

3432 

1272 

30522 

1401 
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ditions,  that  there  is  no  consistent  relation  between  the  original 
sulphur  content  and  the  amount  absorbed ;  so  it  does  not  follow, 
because  the  tube  was  originally  low  in  sulphur,  that  it  would  there- 
fore show  comparatively  low  sulphur  after  being  subjected  to  the 
action  of  the  hot  flue  gases;  the  results  rather  suggest  that  the  low- 
sulphur  tubes  are  more  susceptible  to  sulphurizing  by  the  hot  flue 
gases. 

A  study  of  records  in  lap  welding  may  throw  some  light  on  the 
relative  influence  of  variations  in  sulphur  content.  For  example, 
two  heats  which  had  been  re-phosphorized  gave  the  following 
welding  records,  each  piece  being  tested  in  the  flanging  machine 
after  the  first  run  through  the  welding  furnace  and  rejected  if  there 
was  any  indication  of  opening  at  the  seam : 

Chemical  Analyses,  per  cent.  Per  cent. 

S  P  Mn  C  not  welded. 

0.04S       0.036         0.43         0.105  14.7 

0.027       0.037         0.47         0.113  20.2 

The  average  of  nine  heats  of  steel  which  ran  0.03  per  cent, 
or  less  of  sulphur  showed  20  per  cent,  more  rejections  on  account 
of  bad  welds  than  eight  heats  where  the  sulphur  ran  over  0.04  per 
cent.,  these  heats  being  nearly  the  same  in  other  respects. 

As  to  the  effect  of  foreign  elements  in  these  amounts  on  the 
corrosion  of  steel  under  ordinary  conditions,  we  have  no  evidence 
that  their  presence  has  any  decided  effect  one  way  or  the  other  in 
well-made  steel,  and  the  grade  of  soft  steel  made  exclusively  for 
the  manufacture  of  pipe  certainly  belongs  to  this  class.  The  degree 
of  uniformity  obtained,  even  between  individual  Bessemer  heats 
made  for  this  purpose,  is,  it  is  safe  to  say,  as  good  as  that  shown 
in  the  records  of  the  most  highly  refined  product  of  the  open-hearth 
furnace,  and  uniformity,  both  physical  and  chemical,  is  undoubtedly 
a  large  factor  both  in  welding  and  in  corrosion. 

The  supposed  beneficial  effect  of  great  purity  has,  I  believe, 
been  greatly  over-estimated.  Some  time  ago  the  writer  found  by 
using  the  sensitive  ferroxjl  test  that  cross-sections  of  steel,  which 
had  all  the  variations  due  to  segregation,  would  not  show  a  regular 
difference  of  polarity  under  repeated  tests  made  on  the  same  sec- 
tion, the  explanation  evidently  being  that  external  influences  such 
as  finish  and  accidental  irregularities  in  oxidation  predominated 
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and  overpowered  the  much  smaller  differences  in  potential  due  to 
irregularities  in  the  metal  itself. 

We  believe  it  would  be  to  the  advantage  of  all  concerned  if  a 
standard  specification  was  agreed  upon  for  boiler  tubes,  in  which 
there  could  be  no  objection  to  a  test  on  the  ends  of  each  tube  along 
the  lines  described  above,  provided  the  chemical  requirements 
were  not  unnecessarilv  restrictive. 


THE   BEHAVIOR   OF   CAST  ZINC   UNDER 
COMPRESSION. 

By  J.  C.  Trautwine,  Jr. 

At  a  recent  meeting  of  the  Engineers'  Club  of  Philadelphia, 
a  member  stated  that  The  Civil  Engineer's  Pocket-Book  gave 
7,500  lbs.  per  sq.  in.  as  the  crushing  strength  of  "spelter"  or 
cast  zinc,  and  quoted  Stoney  {Theory  of  Stresses,  1886,  Art. 
352,  p.  382)  as  saying:  "In  my  own  experiments  I  found  that 
cast  zinc  will  spread  out  to  any  degree  under  severe  pressure, 
but  it  will  bear  5  or  6  tons  (11,200  to  13,440  lbs.)  per  sq.  in. 
>\athout  any  very  appreciable  change  of  shape." 

Per  contra,  Mr.  H.  H.  Quimby,  the  City's  Engineer  of 
Bridges,  describing  tests  by  the  Philadelphia  Bureau  of  Surveys 
in  connection  with  the  proposed  use  of  cast  zinc  for  key-plates 
in  his  new  steel-concrete  arch  bridge  over  the  Pennsylvania 
Railroad  at  Forty-second  Street,  said:  "I  tested  a  4-in.  cube 
of  cast  zinc  by  first  running  the  pressure  up  to  6,000  lbs.  per 
sq.  in.  at  the  lowest  speed  of  the  machine.  As  the  scale  beam 
would  not  stay  up  long  under  this,  I  gradually  lowered  the  load 
to  2,000  lbs.  per  sq.  in.,  and  left  it  so  for  the  night.  In  the  morn- 
ing the  beam  was  down,  though  the  elasticity  of  the  block  was 
still  carrying  considerable  pressure." 

At  the  first  opportunity  I  looked  up  the  matter,  and  found 
no  mention  of  anything  hke  7,500  lbs.  per  sq.  in.  as  the  ultimate 
compressive  strength  of  zinc,  either  in  Trautwine  or  else- 
where; but  found,  in  Trautwine  (19th  edition,  1909,  p.  921) 
the  following  statement  of  loads  and  corresponding  defor- 
mations: "Spelter  or  Zinc  (cast).  By  writer.  A  piece  i  in. 
square,  4  ins.  high,  at  2,000  lbs.  was  compressed  1/400  of  its 
height;  at  4,000,  1/200;  at  6,000,  i/ioo;  at  10,000,  1/38;  at 
20,000,  1/15;  at  40,000  yielded  rapidly  and  broke  into  pieces." 

(507) 
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Tabulated,  these  data  appear  as  in  Table  I : 
Table  I. 


A 

B 

C 

Compression  per  Unit  of 
Original  Length. 

Unit  Streas, 
lbs.  per  sq.  in. 

Modulus  of  Elasticity  =»  -r, 
lbs.  per  sq.  in. 

1/400-0.0025 
1/200=0.0050 
1/100=0.0100 
1/38    =0.0263 
1/15    =0.0667 
Not  recorded 

2,000 

4,000 

6,000 
10.000 
20,000 
40,000  (ultimate) 

800.000 
800.000 
600,000 
380,000 
300,000 

I  have  been  unable  to  find  any  further  data  respecting  this 
experiment. 

This  statement  first  appeared  in  our  Fifth  Edition,  i88i, 
and  it  has  since  remained  unchanged.  Prior  to  that  edition, 
we  gave  no  figures  for  the  compressive  resistance  of  zinc. 

In  the  Report  of  the  United  States  Board  A  p pointed  to  Test 
Iron,  Steel  and  other  Metals,  iSSi,  Volume  2,  page  100,  is  given 
a  tabular  record  of  an  e.xperiment  upon  a  cast-zinc  cylinder, 
2  ins.  long,  0.625  in.  in  diameter,  of  which  the  essentials  are 
given  in  the  first  two  columns  of  Table  II,  while  the  third  column 
gives  moduli  of  elasticity,  obtained  by  dividing  the  unit  stresses 
given  in  the  first  column  by  the  unit  deformations  given  in  the 
second. 

Professor  Robert  H.  Thurston,  who  was  a  member  of  the 
Board,  states  (The  Materials  of  Engineering,  Vol.  3,  p.  296): 
"All  the  zinc  thus  tested  by  the  Author  was  very  pure,  and  made 
from  New  Jersey  calamine."  Professor  Thurston  at  once  pro- 
ceeds to  say:  "the  effects  of  varying  time  and  rapidity  of  strain 
are  observable  in  zinc,  as  in  tin;"  but,  in  the  Board's  report, 
as  in  our  own  statement,  I  am  unable  to  find  any  data  as  to 
speed  of  applying  the  loads,  or  as  to  the  times  during  which 
the  siK-'cimens  were  left  under  successive  loads. 

In  the  Board's  experiments  (see  Report,  1881,  Vol.  i,  p. 
313)  the  compressions  were  estimated  by  noting  the  number  of 
revolutions  of  the  handle  necessary  to  produce  a  certain  compres- 


•ion. 


In  I'ig.  I,  our  data,  up  to  20,000  lbs.  per  sq.  in.,  arc  shown 
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Tahi.e  II. — Cast  Zinc  in  Compression. 
Tests  ok  Metals,  Report  of  United  States  Board,  1881,  Vol.  2,  P.  100. 

Zinc,  from  New  Jersey  calamine  (Thurston,  The  Materials  of  Engineering, 
Vol.  3,  p.  296),  cast  in  iron  mold ;    Cylinder,  2  ins.  long,  o .  625  in.  in  diameter. 


A 

B 

C 

Compression  per  Unit  of 
Original  Length. 

Unit  Stress, 

Modulus  of  Elasticity  ■»  — , 

lbs.  per  sq.  in. 

A 

lbs.  per  sq.  in. 

0.0015 

3.259 

2,170,000 

0.0025 

4.889 

1.790,000 

0.0055 

6,519 

1.190.000 

0.0110 

8,149 

740.000 

0.0185 

9,778 

528,000 

0.0255 

11,408 

448,000 

0.0340 

13,038 

384,000 

0.0400 

14,668 

367,000 

0.0510 

16.297 

319,000 

0.0595 

17.927 

301,000 

0.0720 

19,557 

272, (XK) 

0.0875 

21.187 

242,000 

0.1065 

22,816 

214, 0<X) 

0.1150 

24,446 

212,000 

0.1215 

26,076 

214,000 

0.1545 

27,706 

179,000 

0.1715 

29.335 

171.000 

0.1855 

30.965 

167,000 

0.2060 

32.595 

158,000 

0.2180 

32,595* 

149.000 

0.2440 

34.225 

140.000 

0.3335 

32.595t 

98.000 

by  the  solid  line.  Beyond  that  point,  the  compressions  are 
not  recorded;  but  I  have  added  a  dash-and-dot  Une,  to  indi- 
cate what  may  perhaps  be  taken  as  the  probable  approximate 
compressions,  in  our  case,  up  to  40,000  lbs.  per  sq.  in.,  the  load 
causing  rupture;  arriving  at  these  figures  by  comparison  of  our 
curve  with  that  representing  the  experiments  of  the  United 
States  Board. 

It  will  be  noticed  that,  as  with  ductile  materials  in  gen- 
eral, there  is  glorious  Uberty  of  choice  as  to  elastic  limit  and 
modulus  of  elasticity;  and  that,  ordinarily,  there  is  no  ultimate 
limit  of  strength;  the  material  (at  least  when  in  short  pieces) 
generally  flattening  down  indefinitely,  as  remarked  by  Stoney, 
although  our  relatively  slender  column  i  in.  square,  4  ins.  long, 
"broke  into  pieces"  at  40.000  lbs.  per  sq.  in.  The  United 
States  Board  arbitrarily  designates,  as  "crushing"  load,  that 
which  reduces  the  original  length  by  10  per  cent.  (22,000  lbs.  per 

♦  Continued  one  minute, 
t  Piece  bent,  removed. 
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sq.  in.,  in  the  Board's  case).  At  32,505  lbs.  per  sq.  in.  (after, 
reduction  from  34,225)  the  Board's  cylinder,  f  in.  in  diameter, 
2  ins.  long,  bent  into  a  reversed  curve,  and  was  removed.  Burr 
{Materials  of  Engineering,  p.  389),  referring  to  his  statement 
of  the  United  States  Board's  experiments  upon  copper-zinc 
alloys  in  compression,  says:  "The  values  of  Ej  (ratios  of  stress 
over  strain)  are  computed  for  about  one-quarter  the  ultimate 
resistance.  This  ratio  is  so  very  variable  for  different  inten- 
sities of  stress  that  these  alloys  can  scarcely  be  said  to  have  a 
proper  elastic  limit." 

Mr.  Quimby  states,  in  the  tests  of  the  Philadelphia  Bureau 
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Fig.  I. — Compression-Stress  Diagrams. 
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of  Surveys,  above  mentioned,  "the  material  showed  some  elas- 
ticity at  every  reduction  of  pressure,"  and  that,  according  to  his 
recollection,  in  crushing  the  4-in.  cube  down  to  about  2-4-  ins. 
thickness,  the  pressure  went  up  to  about  900,000  lbs.  gross,  or 
56,250  lbs.  per  sq.  in.  of  original  section.  He  adds,  "the 
block  was  then  still  almost  square  in  horizontal  section,  but 
bulged  at  mid-thickness,  say  4^  ins.  square  at  the  contact  faces, 
and  5  ins.  stjuare  at  mid-thickness." 

In  order  to  obtain  further  light  upon  this  question,  the 
writer  had  two  2-in.  cubes  and  two  i)risms  i  in.  square  and  4 
ins.  long,  cast  from  pigs  and  carefully  planed.  These  pieces 
were  cast  by  the  McHatton  Smelting  Company,  Fifteenth  Street 
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and  Washington  Avenue,  Philadelphia,  June  24,  1911;  planed 
by  John  Eppler  Machine  Works,  629  Filbert  Street,  Phila- 
delphia, June  26,  191 1.  These  were  tested  by  Messrs.  W. 
Purves  Taylor  and  G.  Wise,  in  the  cement-testing  laboratory 
of  the  Philadelphia  Bureau  of  Surveys,  on  June  27,  191 1. 
As  shown  by  Tables  III  to  VI,  inclusive,  and  as  plotted  in 
Fig.  I,  they  showed  considerably  higher  resistances  than  did  the 
tests  above  mentioned;  the  prisms,  curiously,  showing  higher 
resistances  than  the  cubes,  although  Prism  i,  which  was  the 
more  severely  tested  of  the  two  prisms,  bent  badly,  in  both 
directions,  and  was  evidently  failing  as  a  crippled  column. 
Neither  of  these  four  samples  was  broken. 
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Pig.  2. — Compression- Time  Diagrams,  Constant  Load. 

Time  tests,  under  constant  loads,  showed  some  increase 
of  resistance  with  time.     (See  Tables  III  to  VI  and  Fig.  2.) 

As  with  ductile  materials  in  general,  no  well-defined  elastic 
limit  was  observed;  and  the  modulus  of  elasticity  diminished, 
throughout  the  test,  as  the  load  increased. 

Mr.  R.  H.  Chapman,  Jr.,  of  the  Bureau  of  Surveys  Testing 
Laboratory,  analysed  material  cut  from  these  specimens.  The 
analysis  resulted  as  follows: 

Zinc 95  •  04  per  cent. 

Lead 2.08  " 

Copper 1.28  " 

Tin 0.89 

Iron 0.51  " 

Antimony o. 06  " 

Cadmium o .  08  " 

Total 99-94         " 
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Table  III. — Cast-Zinc  Prism  i  (i  in.  sq.,  4  ins.  long). 

Diametera,  ins..  1.05.  1.04,  1.02.  1.02,  1.01.    Average 1.028 

1.01.1.01.1.01,1.04.1.03.    Average 1.020 


Length.  4.012 

ms. 

Section  area,  sq.  in.,  1 . 

3486 

Compression  per 

1  Compression  per 

Unit  Stress. 

■lime. 

Unit  of  Original 
Length. 

lbs.  per  sq.  in. 

Time. 

Lfnit  of  Origmal 
Length. 

lbs.  per  sq.  in. 

9.50 

0 

95.4 

10.01 

.0.03600 

22.900 

0.00050 

054 

0.03900 

23.830 

0.00175 

1.808 

0.04200 

24.800 

0.00200 

2.862 

0.04500 

25.760 

0.00250 

3.816 

0.04850 
0.05175 

26,700t 
27,660 

9.63 

0.00300 

4.770 

0.00350 

5,724 

10.04 

0.05500 

28,610 

0.00400 

6,678 

0.05840 

29.550 

0.00450 

7.632 

0.06250 

30,540 

0.00475 

8.586 

0.06700 

31,450 

0.00525 

9.540 

0.07125 

32.410 

0.00600 

10.500 

0.00750 

11.450 

10.08 

0.07625 
0.08150 

33,400 
34,350t 

9.56 

0.00900 

12,400 

0.08700 

35.300 

0.01075 

13.360 

0.09475 

36,280 

0.01275 

14,330 

37,200§ 

0.01500 

15,270 

38,150 

0.01750 

16,210* 

About 

0.02000 

17.170 

10.15 

0.15760 

40.550f 

0.02275 
0.0252.-) 

18.110 
19,080 

9.50 

Specimen  removed.     Length  3 .  37  ins. 

0.02775 
0.03060 

20.030 
21.000 

Badly  bent;  not  broken. 

0.03300 

21,020 

*  Blistering  noticed.  t  Bending  noticed.  }  Reverse  bending  noticed. 

{  Deflectometer  removed.  H  Maximum. 


Table  IV. — Cast-Zinc  Prism  2  (i  in.  sq.,  4  ins.  long). 

DiMnetera,  ina.,  0.908.  1.010.  1.010,  1.010.  1.030.     Average 1 .0116 

1.000,1,000,1.010.1.020.1.030.      Average 1.0120 


Leogth.  4.012  int. 


Section  area,  aq.  ins..  1 .0237 


Time. 

Interval, 
Mina. 

Compreaaion  per  Unit  of 
Orisinal  Length. 

Unit  Streaa, 
ll>8.  per  aq.  in. 

10.30 

0 

97.8 

10.81 

0.02150 

17,070* 

10.32 

0.02550 

18,670 

10.33 

0 

0.03850 

19,630 

10.36 

8 

0.03010 

19,630 

10.30 

6 

0.03150 

10,630t 

10.42 

9 

0.03210 

19,530 

10.45 

12 

0.03240 

19,530 

10  48 

15 

0  03250 

19,630 

10.51 

18 

0  03276 

19,530 

10.54 

ai 

0.03300 

10,630 

TNtdlMNmOi 

BiMd;  Imcth,  S.SStiM. 

•  Bliataring  notiead.        t  SUght  rtvtnc  bmd  notiowl. 
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Table  V. — Two-inch  Cast-Zinc  Cube  i. 

DiwneterB,  ins.,  1.990,  1,995,  1997,  1  998,  1.995.       Average 1.995 

2.000,1.995,1.996,2.002,2.000.       Average 1.999 

Length,  1 .9936  ins.  Section  area,  sq.  ina.,  3.988 


Compression 

Compression 
per  L'nit  of 

Time. 

per  Unit  of 

Unit  Stress, 

Time. 

Interval, 

Unit  Stress, 

Original 

lbs.  per  sq.  in.  ; 

Mins. 

Original 

lbs.  per  sq.  in. 

Length. 

Length. 

11.07 

0 

25.4 

11.17 

0  0592 
0.0630 

27.000 
28,000 

11.09 

0.00452 

1,000 

0.0662 

29,000 

0.00602 

2.000            \ 

0.0704 
0.0748 

30.000* 
31,000 

11.10 

0.00750 

3,000 

0  0797 

32,000 

0.00853 

4,000            1 

0  0848 

33.000 

0.00954 

5,000            \ 

0  0903 

34.000t 

0.01030 

6,000 

0.0956 

35,000 

0.01055 

7,000 

0.1024 

36,000 

0.01156 

8,000 

0.01255 

9,000 

11.22 

0 

0.1104 

37.000 

0.01357 

10.000 

11.23 

1 

0.1195 

37,000 

11  24 

2 

0.1241 

37,000 

11.12 

0.01460 

11,000 

11   25 

3 

0.1290 

37,000 

0.01560 

12,000 

11  26 

4 

0.1306 

37,000 

0  01856 

13,000 

11.27 

5 

0.1335 

37,000 

0  02010 

14,000 

11.28 

6 

0.1363 

37,000 

11.29 

7 

0.1390 

37,000 

11.13 

0  02260 

15,000 

11.30 

8 

0  1410 

37,000 

0  02510 

16,000 

11.31 

9 

0   1433 

37,000 

0.02760 

17,000 

11.32 

10 

0.1457 

37,000 

11   33 

11 

0.1475 

37,000 

11.14 

0.03010 

18,000 

11.34 

12 

0.1500 

37,000 

0.03320 

19,000 

11.36 

13 

0.1512 

37,000 

0.03570 

20,000 

0.1868 

41,500t 

0.03890 
0.04170 

21,000 
22,000 

0.04510 
0.04870 

23,000 
24,000 

I 

ength,  1.62  ins. 

0.05150 

25,000 

0.05520 

26,000 

♦  Blistering  noticed.  t  Bending  noticed.  t  Maximum. 

Table  VI. — Two-inch  Cast-Zinc  Cube  2. 

(Imperfect  casting,  with  blowholes.) 

Diameters,  ins.,  2.001,  2.003,  1.999,  2.002,  2.002.       Average 2.001 

1.997,1.993,1.994,1.999,1.997.       Average 1.996 

Section  area,  sq.  ins.,  3.994 

Lengths,  ins..  2.001.2.001.  1.997,  1.996,  1.997.      Average 1.9984 


Time 

Interval, 

Compression  per  Unit  of 
Original  Length. 

Unit  Stress, 

Mins. 

Ibe.  per  sq.  in. 

11.50 

0 

25 

11.51 

0 

0.03750 

20,000 

11.53 

2 

0.03925 

20,000 

11.56 

6 

0.04000 

20,000 

11.59 

8 

0.04050 

20,000 

12.02 

11 

0  04150 

20,000 

12.05 

14 

0.04200 

20,000 

12.08 

17 

0.04250 

20,000 

12.11 

20 

0.04300 

20,000 

12.14 

23 

0.04350 

20,000 

33 
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The  compressions,  per  unit  of  original  length,  and  the  unit 
stresses,  are  given  in  Tables  III  to  VI. 

Fig.  I  shows,  for  all  the  cases  mentioned,  the  unit  stresses 
corresponding  to  given  compressions  per  unit  length.  Fig.  2 
shows  the  compressions,  per  unit  length,  of  three  of  the  last- 
mentioned  specimens  under  constant  stress. 


PRACTICAL  TESTS  OF  SAND  AND  GRAVEL  PROPOSED 
FOR  USE  IN  CONCRETE. 

By  R.  S.  Greenman. 

That  almost  all  failures  of  concrete  are  caused  by  poor  cement 
has  been  a  jjopular  opinion.  After  some  failures  the  "post  mor- 
tem" examinations  have  shown  that  poor  workmanship — due  to 
incompetent  supervision — has  sometimes  been  the  responsible 
cause  of  the  failures.  Those  e.xperienced  with  concrete  have, 
however,  found  that,  in  addition  to  these  two  factors,  the  other 
constituent  elements  in  concrete  may  be  the  causes  for  poor  results 
or  failures.  These  are  truths  which  have  almost  become  axio- 
matic. 

The  relation  of  intelligent  workmanship  to  good  concrete  is 
solely  a  matter  for  consideration  between  the  workman  and  the 
owner;  it  is  not  a  question  of  general  interest.  If  the  owner  of  the 
proposed  structure  is  content  with  poor  work,  that  is  simply  his 
own  business.  The  question  of  proper  materials  is,  however,  of 
general  interest,  for  many  structures  are  often  constructed  from  the 
same  group  of  concrete  materials.  The  selection  of  those  elements 
which,  with  proper  and  intelligent  workmanship,  will  produce  good 
concrete  is  certainly  important. 

How  to  secure  and  select  the  best  materials  is  often  a  problem. 
Apparently  good  sands  or  gravels  have  been  selected,  but  not  always 
have  lasting  results  been  secured.  The  method  of  securing  for  the 
consumer  a  good  and  safe  cement  has  been  provided.  The  ques- 
tion of  securing  good  aggregates  has  been  provided  for  in  many 
individual  cases,  but  a  campaign  of  education  as  to  the  need  of 
careful  and  proper  selection  of  the  aggregates  is  still  generally 
needed.  If  it  is  true  that  the  bulk  of  the  cement  now  produced 
is  used  by  the  small  consumer,  then  this  applies  especially  to  the 
smaller  maker  of  concrete  and  not  so  much  to  those  in  charge  of 
large  public  works.  Even  here,  in  many  cases,  surprising  ignorance 
of  the  proper  materials  has  been  shown. 

The  selection  of  the  materials  for  the  concrete  should  be 
made  only  after   careful  examinations  and   tests,  either   in   the 
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laboraton-  or  on  the  site  of  the  work,  or  perhaps  both.  To  aid  this 
selection  certain  tests  have  been  suggested  and  made.  It  will  be 
found,  however,  that  there  are  no  standard  tests  or  methods  which 
can  be  used  as  a  basis  for  comparable  results.  It  is  true  that  some 
of  the  laboratories  of  large  public  works  and  some  departments 
of  our  state  and  national  government  make  such  tests — as  for 
example  the  Structural  Materials  Testing  Laboratory  of  the 
National  Department  of  the  Interior — but  almost  all  the  tests 
made  arc  individual  in  character  and  have  not  the  endorsement 
such  as  the  American  Society  of  Civil  Engineers  has  given  to  the 
method  of  testing  cement. 

We  have  before  us  then  the  question  of  tests  and  methods. 
These  may  be  resolved  into  two  classes :  laborator}-  tests  and  practi- 
cal field  tests.  The  laborator\^  tests  should  be  such  that  practical 
results  and  conclusions  can  be  secured;  the  field  tests  should  be 
made  supplementar}'  to  the  laboraton,-  tests  and  confirmatory  to 
them,  but  not  substitutes. 

The  selection  of  the  coarse  aggregates,  crushed  stone  or  gravel, 
is  the  more  easily  made,  but  sands  and  other  fine  aggregates  do  not 
so  easily  divide  into  good  and  poor  materials.  How  such  a  di\ision 
may  be  practically  made  is  the  topic  we  are  to  consider  and  this 
paj)er  is  presented  with  the  sole  idea  of  starting  a  discussion  as  to 
the  j^ractical  tests  which  should  be  made  on  materials  proposed 
for  use  in  concrete.  When  reference  is  made  to  sands  it  will 
include,  of  course,  all  materials  for  the  fine  aggregate  such  as  natural 
sands,  screenings,  iron-ore  tailings,  etc.  Gravels  can  generally 
be  considered  as  sands  and  facts  concerning  the  one  usually  apply 
to  the  other. 

Sampling. 

It  is,  of  course,  generally  conceded  that  any  testing  of  the 
constituent  materials  is  useless  unless  the  samples  submitted  are 
thoroughly  representative.  It  is  certainly  no  easy  i)roposition  to 
take,  for  instance,  a  sample  of  sand  directly  from  the  sand  bank 
or  j)it;  but  if  the  tests  are  to  be  of  real  value,  provision  must  first 
be  made  for  securing  a  representative  sample.  What  should  be 
considered  the  best  way,  and  from  what  place  is  it  best  to  take  the 
samjilc?  Shall  it  be  taken  from  the  j)it  or  after  delivery?  Sam- 
pling at  the  pit  means  that  either  the  pit  must  be  uniform  or  that 
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extraordinary  judgment  must  be  used  in  selecting  a  sample  typical 
of  the  sand  or  gravel  generally  in  that  pit.  Undoubtedly  the  best 
sample  from  any  pit  is  that  taken  from  a  blend  made  of  samples 
taken  at  various  places  in  the  pit;  but  in  some  cases,  even  with 
the  most  conscientious  sampling,  the  pit  sample  may  not  be  thor- 
oughly representative  of  the  sand  as  it  is  delivered.  There- 
fore, whenever  possible,  the  sample  should  be  drawn  from  the  sand 
hopper  or  taken  from  the  sand  pile  after  deliver)-.  This  sample, 
if  accepted,  should  be  kept  as  the  standard,  and  future  samples, 
whether  taken  at  the  pit  or  after  deliver)^  should  be  expected  to 
eoual  in  quality  the  accepted  standard. 

Laboratory  Tests. 

Having  secured  the  sample,  what  are  the  most  practical 
laboraton.-  tests  ?  The  test  for  strength  of  the  mortar  made  with 
the  sand  and  a  "standard  cement"  is  always  a  desirable  test,  but 
will  not  the  tests  for  percentages  of  silt  and  of  voids,  and  for  size 
and  grading  of  the  sand  grains,  give  results  that  form  equally  as 
good  a  basis  for  the  acceptance  or  rejection  of  the  sand  ? 

In  order  to  consider  the  test  more  fully  without  entering  into 
a  detailed  consideration  of  the  methods  used  in  determining  each 
result,  let  us  adopt,  for  the  present,  as  our  standard  the  apparatus 
and  the  methods  used  by  the  Structural  Materials  Laboratory-  to 
which  reference  has  already  been  made.  It  is  ver\'  probable  that 
most  of  the  larger  laboratories  follow  the  same  general  methods 
and  vary  only  in  details.  Now,  having  selected  a  definite  plan 
of  testing,  do  these  results  have  a  practical  value  in  determining 
the  relative  values  of  the  different  sands?  To  discuss  this  phase 
of  our  topic  we  shall  use  the  results  secured  in  the  laborator}'  of 
the  Department  of  the  State  Engineer  and  Surveyor  of  the  State 
of  New  York.  Tables  I  to  IV,  inclusive,  give  the  results  of  tests 
on  thirty-four  typical  sands,  selected  practically  at  random  from 
over  two  hundred  tested  during  the  past  two  years. 

A  study  of  these  results  will  show  that  a  sand  can  be  judged 
by  its  percentage  of  voids  or  of  loam  and  by  the  size  and  grading 
of  its  grains.  As  a  general  rule  it  would  be  impracticable  to 
make  long-time  tests  for  tensile  strength,  so  these  tables  give  only 
the  7-  and  28-day  tests.  Longer  tests  are,  of  course,  desirable, 
but  as  we  are  now  only  considering  practical  tests  we  will  endeavor 
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T.\BLE   I. — Tensile  Strength,   Lbs.   per  Sq.   In. 


No.  of 
Sands 
Tested. 

aass. 

Natural. 

Washed. 

Per  Cent. 

7  Days. 

28  Days. 

7  Days. 

28  Days. 

Voids.         Loam. 

10 
13 
11 

A 
B 
C 

217 
167 
121 

305 
271 
208 

201 
155 
123 

301 
249 
212 

32.0                4.1 
33  4               3.3 
36.6               2.2 

Table  II. — Granulometric  Test. 


No.  of 
Sands 
Tested. 

Qass. 

Per  Cent,  passing  Sieves  No.  — . 

2          4 

6 

10 

20 

30 

40 

60 

74 

100 

140 

200 

10 
13 
11 

A    i   100        99 
B     1   100        99 
C        100      100 

98 
98 
99 

89 
96 
98 

69 
87 
95 

47 
72 
79 

39 
56 
60 

14 
31 
38 

8 
17 
29 

3.8      2  3 
5.8      2.6 
7.5      3.6 

1.6 
1.6 
1.6 

Table  III. — Effect  of  Voids. 


Percent, 
of  Voids 

1      No.  of 

Sands 

1     Tested. 

Average 

Voids. 

per  cent. 

Average  Tensile  Strength,* 
lbs.  per  sq.  in. 

Per  Cent. 

between 

7  Days. 

28  Days. 

No.  100  Sieve. 

25-30 
30-36 
36-40 

6 

17 
11 

1 

27.8 
33  0 
37.8 

192 
164 
140 

310 
256 
220 

2.8 
6.4 
6.7 

*  Results  wete  taken  of  washed  samples  only,  so  that  effect  of  loam  would  be  eliminated. 


Table  IV. — Effect  of  Loam. 


No.  of 

SMids 

T«rt«i.* 

Average 

I^oam, 
per  oent. 

Averace  Tenaile  Strength,  lbs.  per  aq.  In. 

Percent, 
of  Lo«m 

Natural. 

Washed. 

7  Days. 

28  Day*. 

7  Days. 

28Daya. 

0-30 

a  »-8.ft 

AO-OO 

7 

e 

A 

1.0 
SO 
A. 6 

128 
181 
222 

3A4 
373 
334 

148 
178 
206 

261 
271 
310 

*  SuMla  ««re  wiected  which  had  approximately  the  same  ttercentages  of  votdi. 
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to  draw  some  conclusions  from  the  tests  at  hand.  We  find  that 
in  Table  I  the  highest  tensile  strength  corresponds  to  the  lowest 
percentage  of  voids  and  the  highest  percentage  of  loam;  and  that 
the  natural  samples  containing  more  than  3  per  cent,  of  loam  are 
stronger  than  the  washed  sand.  From  Table  II  we  note  that  the 
smallest  percentage  of  voids  is  secured  by  the  sands  having  the 
best  grading  of  the  grains  and  that  the  poorest  sands  are  those 
with  the  largest  percentages  of  fine  grains.  Table  III  emphasizes 
the  fact  that  sands  are  stronger  when  the  percentage  of  voids  is 
smaller  and  that  the  less  the  percentage  of  ver}-  fine  grains  the 
higher  the  strength.  Table  I\'  shows  that  loam  to  a  certain 
amount  is  rather  an  aid  to  strength.  This  statement  must  not, 
however,  be  construed  to  mean  that  it  would  be  advisable  to 
permit  large  percentages  of  loam. 

From  this  brief  statement  of  the  results  secured  and  con- 
clusions drawn,  can  it  not  be  seen  that  each  test  is  a  ver}^  important 
aid  in  determining  the  quality  of  the  sand  under  inspection? 
There  are,  of  course,  other  laborator)'  tests  which  are  of  great 
importance  in  the  selection  of  a  sand,  among  which  is  notably 
the  careful  examination  of  the  character  of  the  sand  grains. 

Foreknowledge  of  what  qualifications  are  necessary  and  of 
what  effect  certain  conditions  may  have,  is  a  vital  point  in  inter- 
preting the  results;  but  with  this  foreknowledge  we  will  then 
admit  that  results  of  tests  like  these  do  have  a  ver>'  practical  value. 
With  a  knowledge  of  the  best  methods  of  conducting  tests,  and 
with  a  higher  appreciation  of  the  value  of  these  tests  among  the 
general  concrete  contractors  and  frequently  among  engineers 
themselves,  the  laboratory'  tests  can  be  utilized  to  their  full  value. 
Scoffers  at  laborator>'  tests  have  only  to  examine  results  of  the 
tests  with  concrete  in  which  the  sand  has  been  used,  to  see  that  the 
tests  do  forecast  what  takes  place  in  the  concrete. 

Field  Tests. 

While  it  may  be  most  practicable  and  best  to  have  the  sands 
first  tested  in  the  laboratory,  the  greatest  ultimate  good  to  concrete 
in  general  would  be  to  convince  the  contractor,  and  often  the 
engineer,  that  simple  field  tests  will  also  be  of  material  benefit  to 
the  work.  For  example,  frequent  tests  for  density  and  for  pro- 
portioning would  have  a  most  beneficial  result.    The  contractor 
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would  not  necessarily  have  to  use  more  cement,  but  rather 
he  might  be  able,  by  proportioning,  to  produce  a  more  dense 
concrete  simply  by  addition  of  either  fine  or  coarse  aggregates. 

Such  simple  tests  as  those  for  percentage  of  loam  by  use  of  a 
graduated  cylinder,  or  for  the  percentage  of  voids  by  means  of  the 
percolator,  should  be  frequently  made.  Neither  of  these,  for 
example,  requires  elaborate  apparatus  and  either  one  can  be 
made  in  any  field  office,  and  yet  how  seldom  in  general  work  is 
any  effort  made  to  learn  how  much  loam  a  sand  contains  or  its 
f)ercentage  of  voids. 

In  discussing  laboratory  tests  reference  was  made  to  tests 
of  sand  and  cement  for  tensile  strength.  Cubes  and  cylinders 
made  from  the  concrete  as  it  is  mixed  make  possibly  one  of  the 
most  satisfactory  methods  of  securing  good  concrete.  It  is  of 
course  true  that,  to  complete  these  tests,  the  specimen  must  be 
tested  in  a  laboratory.  The  results  obtained  would,  however, 
result  in  one  soon  learning  whether  or  not  the  concrete  is  as  good 
as  can  be  secured.  It  may  be  claimed  that  this  is  not  a  practical 
field  test.  It  may  not  be  for  small  work,  but  on  large  work  it 
should  be  more  generally  used. 

In  conclusion  it  should  be  again  stated  that  the  object  of  this 
brief  paper  is  but  to  call  the  attention  of  "concrete"  men  to  the 
practicability  of  testing  the  sands  and  gravels  proposed  for  use  in 
concrete,  and  to  the  tests  and  methods  generally  followed.  De- 
tailed descriptions  and  results  can  only  be  presented  in  more 
lengthy  articles. 


DISCUSSION. 


Vice-President  R.  W.  Lesley  {in  the  Chair). — Mr.  Green-  The  ch«irm»n. 
man's  paper  presents  a  subject  of  great  interest  to  all  who 
have  to  do  with  either  cement  or  concrete.  The  fact  that 
the  appointment  of  a  committee  has  been  recommended  is  a 
proof  of  the  recognition  of  the  fact  that  sand  as  well  as  cement 
has  to  be  judged;  and  in  one  of  the  suggested  building  codes 
in  New  York  that  same  recognition  is  given.  It  seems  to 
me  that  too  much  attention  cannot  be  paid  to  the  aggregates 
while  so  much  attention  is  being  paid  to  the  cement. 

We  have  Mr.  Thompson  with  us,  who  is,  I  am  sure,  thor- 
oughly familiar  with  this  subject.  I  wonder  whether  we  cannot 
start  some  discussion  on  this  paper,  which  I  consider  a  most 
important  one. 

Mr.  S.  E.  Thompson. — At  the  present  time  practical  men  Mr.  Thompson, 
are  just    beginning  to  realize  that  sand  ought   to  be    tested 
and  that  it  ought  to  be  tested  just  as  carefully  as  cement  is 
tested. 

The  various  points  that  have  been  brought  out  in  the  paper 
are  very  valuable  as  illustrating  qualities  of  sand  that  affect  the 
relative  strength  of  mortars.  A  continuation  of  these  tests  using 
different  proportions  of  cement  to  sand  would  be  of  further  inter- 
est. The  richness  of  the  mortar  will  influence  the  effect  of  the 
fine  material  contained  in  the  sand.  For  instance.  Series  No.  4 
probably  was  made  in  proportions  one  part  cement  to  three  parts 
sand.  The  fine  material  then  tended  to  fill  the  voids  and  to 
increase  the  density  as  well  as  the  strength  of  the  mortar,  A 
corresponding  series  of  tests  in  proportions  i  :  2  or  i  :  i  would 
show  a  different  result.  The  increase  in  the  proportion  of  fine 
material  in  these  cases  beyond  certain  points  would  tend  to  reduce 
the  strength  of  the  mortar,  because,  with  the  cement,  the  fine 
material  would  be  in  excess  so  as  to  more  than  fill  the  voids. 

Another  very  important  consideration  is  the  character 
of  the  fine  material.  The  author  of  the  paper  has  termed  this 
"loam."  In  most  parts  of  the  country  the  term  "loam"  implies  the 

(521) 


522        Discussion  on  Tests  of  Sand  and  Gravel. 

Mr.  Thompson,  presence  of  a  considerable  proportion  of  vegetable  matter.  For 
this  reason  where  the  character  of  the  fine  material  is  undeter- 
mined, I  prefer  the  term  *'silt;"  where  it  is  known  to  be  strictly 
of  mineral  nature,  the  term  "clay"  may  be  used. 

Where  the  fine  material  is  made  up  of  mineral  particles, 
the  mechanical  analysis  tests  and  void  tests  are  important  as 
distinguishing  between  different  sands  and  as  an  aid  to  their 
selection.  On  the  other  hand,  if  the  fine  material  contains 
organic  or  vegetable  matter,  the  problem  is  entirely  different. 
Within  the  past  few  years  I  have  had  occasion  to  test  many  sands 
that  looked  all  right  and  had  a  satisfactory  mechanical  analysis, 
but  which  produced  worthless  mortar  and  in  some  cases  caused 
actual  failures  of  the  structures.  The  tensile  strength  of  i  :  3 
mortar  with  these  apparently  good,  coarse  sands  ran  as  low  as 
20  to  40  lbs.  per  sq.  in.  at  the  age  of  7  days.  Further 
investigation  showed  the  trouble  to  lie  in  a  minute  quantity 
of  vegetable  or  organic  matter  which  acted  either  chemically 
or  mechanically  in  affecting  the  strength  of  the  mortar,  especially 
at  early  ages.  Sometimes  the  result  was  produced  by  not  more 
than  0.1  or  0.2  per  cent,  of  this  organic  matter. 

The  field  tests  suggested  by  Mr.  Greenman,  especially  the 
mechanical  analysis  and  density  tests  of  mortar,  are  valuable 
provided  the  sand  contains  ho  deleterious  material. 

Presence  of  organic  matter  may  be  determined  by  washing 
the  sand  and  determining  by  ignition  the  amount  of  organic 
matter  left  in  the  wash  water.  For  the  present,  however,  from 
a  practical  standpoint,  the  surest  test  of  a  sand,  and  one  that  will 
indicate  its  quality  both  as  regards  fineness  and  any  deleterious 
material,  is  the  ordinary  test  of  tensile  strength.  The  sand  in 
question  is  made  into  mortar  briquettes  in  proportions  i  :  3  and 
at  the  same  time,  with  the  same  cement,  briquettes  are  also  made 
with  standard  sand.  The  proportion  of  water  for  the  work  sand 
should  be  such  as  will  produce  the  same  consistency  required  for 
the  standard  sand  mortar.  The  present  requirements  of  the 
Joint  Committee  on  Concrete  and  Reinforced  Concrete  are  that 
mortar  made  with  the  sand  in  (|uestion  shall  test  at  least  70  per 
cent,  of  the  strength  of  the  standard  sand  mortar. 

Another  interesting  point  has  come  up  in  the  course  of 
investigations  of  concrete  materials.     I  have  found  that  with 
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certain  sands  a  change  in  the  brand  of  cement  will  effect  a  decided  Mr.  Thompson, 
improvement.     A  sand  that  with  one  brand  of  cement  will  give 
practically  worthless  results  may  test  with  another  brand  as  high 
as  standard  sand  mortar. 

Mr.  Mont  Schuyler. — The  harmful  effects  which  hgnite,  Mr.  Schuyier. 
an  organic  substance  found  in  certain  river  sands,  may  have  on 
mortars  made  from  it,  would  not  be  shown  by  the  tests  just 
outlined. 

Lignite  is  volume  constant  when  saturated  with  water, 
but  on  drying  out  expands  and  exerts  a  considerable  force  in  so 
doing.  Though  it  is  unlikely  that  mass  concrete  would  be 
seriously  affected,  if  at  all,  by  the  presence  of  lignite  in  the  sand, 
finishing  mortars  are  rendered  very  unsightly  by  the  formation 
of  craters,  sometimes  2  or  3  ins.  in  diameter  and  5  in.  deep. 

Were  the  proposed  test  modified  to  include  the  making  of 
a  parallel  series  of  briquettes  which  should  be  allowed  to  dry  for 
three  or  four  days  before  breaking,  this  objection  would  be 
eliminated. 

The  Chairman.— What  Mr.  Schuyler  has  just  stated  re-  The  chairman, 
minds  me  that  many  years  ago  in  Philadelphia  when  there  were  a 
number  of  tanneries  located  on  the  upper  Delaware,  the  sand  that 
was  gathered  on  the  river  bottom  would  contain  small  pieces  of 
tanbark.  These  particles  of  tanbark  would  work  all  sorts  of  trouble 
in  the  cement.  Of  late  years — whether  it  is  because  there  are 
fewer  tanneries,  or  because  they  use  less  tanbark,  I  do  not  know 
— we  do  not  find  that  trouble  any  more.  But  it  operated  just 
as  the  lignite  did  which  Mr.  Schuyler  spoke  of. 

Mr.  R.   L.  Humphrey. — I  understood  Mr.  Thompson  to  Mr.  Humphrey, 
state  that  a  sand  that  gave  good  results  with  one  cement  would 
give  worthless  results  with  another.      Can  he  give  us  more  de- 
tailed information  on  that  point? 

Mr.  Thompson. — The  problem  is  an  extremely  intricate  Mr.  Thompson, 
one,  and  I  have  as  yet  reached  no  conclusion  as  to  whether  the 
variation  in  the  influence  of  different  cements  is  due  to  chemical 
characteristics  or  to  the  mechanical  treatment  of  the  cement 
at  the  factory.  Similar  results  have  been  obtained  with  dupli- 
cate sets  of  tests,  using  six  or  eight  different  brands  of  cement. 
The  results  have  also  been  corroborated  by  two  or  three  other 
experimenters. 


524        Discussion  on  Tests  of  Sand  and  Gravel. 

Mr.  Humphrey.  Mr.   HUMPHREY. — It   seems  to  me  improbable   that   the 

cement  would  furnish  the  explanatory  cause  of  the  difference, 
or  that  the  use  of  two  different  brands  would  produce  any 
variation  in  the  strength  of  mortar  made  with  a  given  sand. 
While  I  have  no  doubt  that  the  data  obtained  as  Mr.  Thompson 
stated  would  seem  to  indicate  that  any  variation  in  the  strength 
of  the  mortar  was  due  to  the  brand  of  cement  used,  nevertheless 
it  seems  to  me  that  such  an  explanation  would  be  improbable. 

Just  a  word  as  to  the  lignite  to  which  Mr.  Schuyler 
alluded.  Lignite  is  a  low  form  of  coal  and  oxidizes  in  the 
air.  This  oxidation  causes  a  swelling  and  forces  off  the  mortar 
around  the  particles  of  the  lignite.  If,  however,  the  lignite  is  pro- 
tected by  a  dense  skin  of  either  cement  or  mortar  such  oxidation 
does  not  occur.  I  fancy  that  the  disintegration  that  he  refers  to, 
or  the  splitting  of  the  material,  was  caused  by  the  fact  that  it 
was  imbedded  in  mortar  which  was  porous,  and  thereby  the  air 
had  access  to  it. 

I  think  the  question  under  discussion  is  one  of  the  most 
important  that  has  ever  come  before  the  Society.  It  is  a 
matter  that  should  receiv'e  the  earnest  consideration  of  every 
constructing  engineer.  In  former  years  looking  at  sand  and 
rubbing  it  over  the  palms  of  the  hands  was  employed  to  deter- 
mine whether  it  was  good  or  bad.  Such  a  test  should  be  relegated 
to  the  past,  and  we  should  apply  more  scientific  methods  of 
determining  the  value  of  sand  used  with  cement,  either  in  mortar 
or  concrete.  The  proper  results,  whether  in  mortar  or  concrete, 
are  what  we  arc  after.  It  is  absurd  to  test  cement  with  retine- 
ment,  and  use  sand  without  any  test  whatever.  We  should 
apply  careful  tests  to  determine  the  value  of  every  ingredient. 
Where  laboratory  tests  are  impracticable,  there  arises  the 
necessity  for  a  field  test  which  can  be  readily  applied  and 
which  will  enable  the  engineer  to  make  quick  tests  which  will 
tell  him  whether  the  sand  submitted  is  good  or  bad.  It  seems 
that  a  simple  density  test,  perhaps  something  similar  to  what 
has  been  proposed  by  Mr.  Fuller,  together  with  an  inexpen- 
sive compression  test,  will  give  two  elements  which  will  deter- 
mine practically  all  that  is  required.  There  are  cases  of  course 
where  laboratory  experiments  were  made,  and  the  results  were 
discouraging.  In  connection  with  the  Charles  River  bridge  in 
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Boston,    a    complete    series    of    tests    was   made    on   crushed  Mr.  Humphrey. 

granite,  and  the  results  did  not  bring  out  what  was  expected. 

I  believe  that  the  Joint  Committee  on  Reinforced  Concrete, 

which  is  working  on  these  standard  methods,  is  doing  a  good  work. 

I  believe  there  is  further  work  for  us  in  the  ascertainment  of 

some  simple  field  test  which  will  be  inexpensive,  and  at  the  same 

time  practicable. 

Mr.  C.  M.  Chapman. — In  the  laboratory  of  Westinghouse,  Mr.  Chapman. 
Church,  Kerr  and  Company,  we  have  been  making  for  some  time 
about  the  same  series  of  tests  on  sand  as  described  in  this  paper 
and  with  rather  similar  results;  but  I  want  to  call  attention  to  the 
fact  that  tests  showing  the  amount  of  voids,  the  granulometric 
analysis,  amount  of  silt,  etc.,  do  not  give  a  basis  for  predicting 
what  the  tensile  strength  is  going  to  be;  what  is  wanted  is  a 
test  for  sand  that  will  enable  one  to  tell  in  the  case  of  a  poor 
sand  what  the  matter  is. 

As  regards  another  point  that  has  been  brought  out  in  the 
paper,  namely,  the  question  as  to  where  the  sand  should  be 
sampled,  whether  at  the  pit  or  at  the  work,  our  exf)erience  has 
been  that  most  sandbanks  vary  so  materially  in  the  different 
portions  of  the  bank  that  to  get  a  sample  from  the  pit  that 
represents  future  dehveries  is  practically  impossible;  the  most 
reliable  samples  are  taken  at  the  work  after  the  sand  is  delivered 
and  cannot  be  changed.  The  sandbank  man  generally  saves 
his  good  sand.  It  is  unsafe  to  rely  on  samples  taken  at  the  pit 
unless  the  purchaser  has  an  inspector  there  to  see  that  the  same 
sand  that  was  sampled  is  delivered. 

The  next  point  is,  what  does  the  author  mean  by  loam? 
The  word  usually  means  "top  soil"  or  soil  containing  much 
vegetable  mold  or  decayed  vegetable  matter.  It  is  extremely 
objectionable  in  concrete.  I  presume  that  in  these  tests  loam 
is  the  fine  material  that  remains  in  suspension  in  water  longer 
than  the  coarser  part.  That  in  the  case  of  a  banksand  might  be 
almost  anything.  In  the  case  of  crushed  trap  or  granite  it  can 
usually  be  only  one  thing,  namely,  the  same  material  as  the 
remainder  of  the  crushed  stone.  With  a  banksand  it  may  be 
clay  or  marl.  There  may  be  clay  in  quartz  sand.  It  might  be 
material  very  radically  different  from  the  coarser  part.  So  I 
do  not  like  the  use  of  the  word  ''loam"  as  meaning  the  fine 
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Mr.  Chapman,  particlcs  that  remain  in  suspension ;  because  in  the  case  of 
compressed  granite  that  fine  material  is  not  objectionable — 
not  as  objectionable  as  it  may  be  in  the  case  of  sand,  which  may 
contain  a  larger  amount  of  vegetable  matter,  or  some  kinds  of 
mineral  matter.  I  prefer  the  term  "silt"  to  loam  in  referring 
to  the  matter  which  remains  in  suspension  in  water. 

As  to  the  point  brought  up  by  Mr.  Thompson,  that  a 
change  in  the  brand  of  cement  caused  radical  differences  in 
results  with  the  same  sand,  we  recently  had  a  failure  of  some 
concrete  work  where  the  sand  appeared  to  be  very  good  but 
the  concrete  had  failed  to  set  in  making  sills  and  Hntels,  which 
were  cast  on  the  ground  and  afterwards  put  in  place.  We 
were  not  able  to  move  them  in  three  or  four  days  because  they 
had  not  hardened  sufficiently,  and  the  blame  was  placed  on  the 
cement.  In  order  to  go  on  with  the  work  a  few  wagon  loads 
of  cement  of  another  brand  were  purchased.  An  examination 
proved  that  the  cement  first  used  was  a  good  cement,  and  with 
standard  sand  gave  excellent  results;  while  the  sand  that  had 
been  used  in  the  work  that  failed  showed  upon  examination 
a  high  percentage  of  loam,  and  the  loam  adhered  to  the  respective 
particles  of  the  sand.  Pouring  some  of  this  sand  through  water 
did  not  cloud  the  water  very  much,  but  upon  stirring  it  in  the 
water  the  attrition  released  the  small  particles  of  the  loam  from 
the  surface  of  the  sand,  and  showed  a  high  percentage  of  loam; 
so  that  there  must  be  something  in  the  question  of  a  change 
in  the  brand  of  cement  affecting  the  results  with  the  same 
sand.  We  simply  changed  the  cement  because  we  thought  it  was 
at  fault,  and  got  results  with  the  second  cement  that  were  much 
better;  that  is,  work  could  be  handled  on  the  following  day. 

Th«  Chairman.  The   Ciiairman. — Was   there  any  change  in  the  weather? 

Mr.  Chapman.  Mr.  Chapman.— No,  the  work  had  been  going  on  for  some 

time,  and  the  weather  was  generally  pleasant. 

Mr.  Kinney.  Mr.  W.  M.   Kinney.  -  Care  should  be  exercised  in   the 

interpretation  of  tests  of  sand  made  in  the  laboratory,  and  it  is 
usually  advisable  to  combine  them  with  field  tests  before 
approving  any  particular  aggregate. 

Very  often  with  relatively  fine  sand,  the  thorough  mixing 
of  a  small  batch  in  the  laboratory  will  produce  higher  strength 
results  than  a  coarse  and  more    uniforniily  graded    sand,  but 
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because  of  the  difficulty  of  mixing  a  fine  material  either  with  Mr.  Kinney, 
a  normal  number  of  revolutions  of  the  mixer  or  turns  by  hand, 
the  resulting  concrete  is  inferior  in  strength  to  that  made  with 
coarser  sand. 

The  same  applies,  of  course,  to  fine  and  coarse  aggregate 
containing  a  high  percentage  of  loam  or  clay.  It  is  true  that 
loam  or  clay  up  to  a  rather  high  percentage  will  improve  the 
strength  of  laboratory-made  concrete  or  mortar,  but  it  must 
not  be  overlooked  that  the  presence  of  such  material  hinders 
the  thorough  mixing  of  a  batch  of  concrete  in  a  normal  length 
of  time.  Very  often,  too,  the  presence  of  foreign  material  of 
this  kind  will  delay  the  hardening  of  the  concrete  and  this  is 
particularly  disadvantageous  in  work  done  when  the  tempera- 
ture is  around  the  freezing  point.  Concrete  deposited  during 
the  day  at  a  temperature  well  above  freezing  may  be  frozen 
by  a  drop  in  temperature  at  night,  because  the  hardening  has  been 
delayed  by  fine  and  loamy  sand.  The  subsequent  thawing  out 
of  this  concrete  on  the  following  day  may  result  in  its  destruc- 
tion. Concrete  made  with  clean,  coarse  aggregate  would  prob- 
ably have  sufficiently  hardened  to  withstand  the  cold  turn  with- 
out protection. 

Mr.  R.  S.  Greenman. — What  Mr.  Thompson  has  said  Mr.  Greennun. 
regarding  the  different  cements  and  their  influence  on  the  sand  has 
been  a  hobby  and  theory  of  mine  for  the  last  two  or  three  years; 
but  it  is  a  difficult  matter  to  prove.  I  still  believe  it,  and  I  am 
glad  that  he  has  brought  it  out.  That  is  one  of  the  reasons  why 
I  think  we  ought  to  emphasize  the  necessity  of  field  tests  of  the 
mortar  or  concrete  as  it  is  made  up  and  goes  into  the  work.  Lab- 
oratory tests  are  good  guides  in  the  acceptance  or  rejection  of 
ceinent  or  sand;  but  I  think  the  final  test  is  obtained  in  the  field 
work.  If  we  can  test  the  mortar  then  we  are  getting  down  to 
the  real  basis  of  good  concrete.  I  am  hoping  that  somebody 
will  be  able  to  prove  the  truth  or  otherwise  of  Mr,  Thompson's 
theory.  I  am  working  along  the  same  line  and  hope  to  have 
some  figures  myself  before  long. 

Mr.  a,  S.  Cushman. — I  should  like  to  ask  if  any  one  can  Mr,  Cushman. 
explain  how  it  is  that  dirty  sand  containing  organic  matter  delays 
or  restrains  the  set?     I  can  understand  why  it  should  weaken 
mortar  under  test,  but  I  cannot  understand  why  it  should  delay 
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Mr.  Cndiman.  the  set;  this  is  an  important  point,  especially  with  reference  to 
cinder  concrete.  Some  difliculty  has  been  encountered  with 
cinder  concrete  owing  to  delayed  set.  In  winter  time  particu- 
larly it  has  been  found  impossible  to  knock  down  the  forms  within 
the  time  that  the  economical  handling  of  the  work  demands.  If 
any  one  has  an  explanation  to  offer  for  delayed  set  I  think  it 
should  be  brought  out. 

Mr.  Blair.  ^^R-  ^V.  P.  Blair. — I  have  been  interested  in  this  discussion, 

because  I  have  been  interested  in  the  use  of  cement  mortars  for 
many  years  in  connection  with  their  use  in  brick  street  pavements 
in  which  cement  enters  into  the  grout  between  the  bricks.  The 
Pa\dng  Brick  Association  by  the  employment  of  expert  investi- 
gators made  an  investigation  of  sand  in  order  to  find  a  reason 
for  the  failure  of  cement  grout  in  many  localities.  Experiments 
were  made  on  sands  of  Ohio,  Illinois,  Michigan,  and  Indiana, 
which  showed  that  good  results  could  be  obtained  in  the  labora- 
tory, and  we  were  able  to  trace  90  per  cent,  of  the  failure  to  the 
method  of  application. 

It  is  unfortunate  that  engineers  are  subject  to  political 
conditions  which  make  it  necessary  to  employ  untrained 
inspectors  who  do  not  use  care  in  the  application  of 
the  cement.  The  failures  referred  to  could  be  traced  to  the 
faulty  application  and  the  faulty  mixing  of  the  material,  The 
materials  were  used  in  wrong  proportion,  or  the  water  was  poured 
on  without  any  previous  dry  mixing.  In  the  latter  case  the  inspec- 
tor was  asked  why  he  had  allowed  this,  and  he  said  that  he  had 
really  never  before  heard  of  mixing  the  materials  dry. 

Mr.  Lamed.  Mr.  E.  S.  Larned. — One  phase  of  this  question  not  touched 

upon  in  this  discussion  is  the  influence  of  varying  amounts  of 
water  upon  concrete.  Laboratory  tests  are  usually  made"  of 
normal  consistency,  whereas  in  the  work  the  concrete  may  con- 
tain from  barely  enough  water  to  a  large  excess,  and  if  field  sam- 
ples arc  taken  direct  from  concrete  mixed  on  the  work,  it  must 
be  exp)cctcd  that  the  results  will  dilTer  considerably  at  the  7-day 
and  28-day  periods.  Some  sands  if  made  in  mortar  of  normal 
consistency  will  show  very  satisfactory  results,  but  if  mixed  with 
an  excess  amount  of  water  show  markedly  inferior  results. 

It  is  well  known  that  loam,  clay,  and  in  fact  any  very  fine 
material  even  of  a  siliceous  nature,  retard  the  set  of  concrete. 
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Possibly  this  is  due  to  the  fact  that  with  excess  water  a  colloidal  Mr.  Larned. 
condition  is  brought  about  in  the  presence  of  which  the  cement  is 
incapable  of  setting  readily. 

There  is  one  determination  of  sand  which  I  think  would  be 
a  valuable  one  to  make,  namely,  i^s  coefficient  of  hardness. 
In  the  laboratory  the  sand  does  not  get  the  same  treatment  that 
it  receives  in  mechanical  mixing.  This  was  well  brought  out 
a  few  years  ago  in  a  paper  submitted  to  the  Society  by  Mr. 
Spackman  and  Mr.  Lesley,  wherein  it  was  shown  that  the  oper- 
ator by  changing  his  method  of  manipulation  with  a  given  sand 
could  vary  his  results  tremendously.  He  can  by  hard  manipula- 
tion produce  results  which  often  occur  in  mechanical  mixing 
where  the  sand  is  exposed  to  the  attrition  of  the  coarse  hard 
aggregate.  In  this  way  a  further  percentage  of  fine  material 
is  produced  which  has  an  important  influence  on  the  tensile  and 
compressive  strength.  I  believe  that  field-made  specimens, 
taken  from  concrete  going  into  construction,  will  lead  to  more 
valuable  and  more  conclusive  determinations  than  can  be  had 
from  laboratory  tests,  and  will  undoubtedly  suggest  changes  in 
the  methods  and  selection  of  materials  that  would  not  be  found 
in  laboratory  tests  alone. 

As  to  the  matter  of  grading  sand,  while  we  have  a  good 
material,  free  of  deleterious  ingredients,  the  reduction  of  voids 
by  grading  will  unquestionably  produce  better  results,  but 
physical  tests  of  the  sand  are,  in  my  judgment,  more  impor- 
tant than  an  attempt  to  grade  the  sand  without  complete 
physical  tests.  Some  sands  that  show  very  excellent  compo- 
sition will  give  very  poor  results  compared  to  sands  of  poorer 
composition. 

I  think  the  consumer  and  the  engineer  in  charge  of  the  work 
could  with  profit  direct  their  attention  to  the  source  from  which 
the  sand  is  procured.  In  my  experience  few  sand  pits  are  prop- 
erly stripped  of  overburden;  some,  in  fact,  are  not  stripped  in 
advance  at  all,  the  vender  of  sand  undercutting  the  bank  until 
the  overburden  falls  in,  and  then  depending  upon  removing  this 
as  being  a  cheaper  operation  than  stripping  in  advance.  This 
is  sometimes  not  done  with  any  degree  of  thoroughness,  and 
again,  where  pits  are  stripped  in  advance,  care  is  not  exercised 
to  get  below  the  sub-soil.  The  amount  of  loam  remaining  might 
34 


530        Discussion  on  Tests  of  Sand  and  Gra\iel, 


Mr.  Larned. 


Mr.  Carpenter. 


have  an  important  influence  on  the  sand,  this  depending  of  course 
upon  the  depth  of  the  sand  pit. 

Mr.  a.  W.  Carpenter.-  Tliis  discussion  has  brought  out 
the  fact  that  the  only  way  to  be  sure  that  we  are  getting  the 
concrete  that  will  give  the  results  we  want  is  to  test  the  materials, 
the  sand  and  cement  to  be  used,  together,  and  to  depend  upon 
the  results  of  that  test  rather  than  of  individual  tests  of  the  sand 
or  the  cement.  It  seems  to  me  that  an  analysis  of  the  sand  alone 
will  not  tell  you  whether  your  concrete  is  going  to  harden  or  not 


DESTRUCTION   OF   CEMENT   MORTARS  AND 
CONCRETE  THROUGH   EXPANSION 
AND   CONTRACTION. 

By  a.  H.  White. 

One  of  the  most  important  of  the  standard  tests  for  Portland 
cement  is  that  for  "Constancy  of  Volume" — a  lulling  title  which 
carries  with  it  the  implication  that  our  cements  are  actually  constant 
in  volume.  It  requires  no  ver}-  keen  observer  to  find  numerous 
instances  where  the  implication  has  not  been  justified.  Cracked 
copings  and  walls,  sidewalks  warped  and  split,  and  stucco  dropping 
from  houses,  are  sights  which  are  so  frequent  as  to  force  ujxjn  the 
observer  the  feeling  that  the  phenomena  must  be  due  to  some 
property  characteristic  of  many  if  not  all  concretes  which  are 
exposed  to  the  weather. 

The  change  in  volume  of  concrete  due  to  temperature  change 
has  been  determined  with  considerable  accuracy  to  be  for  unit 
length  0.0000055,*  o^  000355  P^r  cent.,  per  degree  Fahrenheit. 
There  are,  however,  other  changes  due  to  the  chemical  processes  of 
setting  and  hardening  which  are  barely  mentioned  in  even  the 
more  important  treatises,  and  other  variations  due  to  the  wetting 
and  drying  of  the  concrete  whose  very  existence  is  practically 
unknown.  It  is  with  these  two  latter  classes  of  changes  that  this 
paper  will  deal. 

Review  of  Literature. 

The  literature  of  the  subject  is  brief. 

Quantitative  measurements  of  the  change  of  volume  of  cements 
while  hardening  commence  with  the  classic  experiments  of  Bausch- 
inger,f  who  in  1879  reported  on  the  change  in  volume  of  eight 
different  cements  made  into  small  cubes  of  neat  cement  and  i :  3 
and  1 : 5  mortar.     One  set  of  cubes  was  kept  in  water  and  one  in 


♦Pence.    Engineering  News,  Vol.  46,  1901,  p.  380. 

tBauschinger.    Mitth.  Mech.  Tech.  Lab.  d.  Tech.  Hochschule  in  Mflnchen,  8th  Heft,  1870. 
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Tablb  I. — Per  Cent.  Change  in  Volume  of  Bars  of  Neat  Cement 
AND  Cement  Mortar. 

Expansion  after  Lying  Continuously  in  Water. 


Neat 
Cement. 

1  :  3  Cement 
and  Sand. 

1  :  6  Cement 
and  Sand. 

Duration. 

Bauschinger,  average  of  8  . 
Schumann,  average  of  7. . . 

Tom6i,  average  of  8 

+  0.046 
+0.160 

+  0.025 
+  0.079 
+  0.063 
+  0  078 
+  0.094 
+  0.092 
+  0.190 

+0.009 
+0.028 
+0  .029 
+  0.027 
+0.027 
+0.028 
+  0.008 
+0.013. 
+  0.012 
+  0.020 

+0.001 

16  weeks. 

1  year. 

2  years. 
5  years. 

90  days. 
63  days. 
1  month. 

3  monthfl. 

1  year. 

2  years. 
5  years. 

Gary,  average  of  10 

Campbell  and  White ..... 

Contrac 

moN  AFTER  Lying  Contindodslt  in  Air. 

Bauaohinger,  average  of  8 . 

Schumann,  average  of  4. . . 

Tom6i,  average  of  8 

Considcre.  . 

-0.214 

-0.201 
-0.132 
-0.390 

-0.132 

-0.042 

-0.094 
-0.050 

-0.124 

: 1 

16  weeks. 
1  week  in 
water,  then 
3  weeks  in 
air. 

90  days. 

63  days. 

Campbell  and  White 

6  years. 

air  and  the  changes  in  length  of  one  side  observed  for  i6  weeks. 
The  most  important  study  of  the  subject  was  made  by  Schumann,* 
who  in  1 88 1  and  1889  reported  to  the  German  Association  of 
Portland  Cement  Manufacturers  the  result  of  expansion  measure- 
ments made  on  blocks  not  only  of  neat  cement  and  cement  mortar 
but  also  on  blocks  of  building  stone.  Garyf  in  1899  reported  from 
the  Royal  Mechanical  Experiment  Station  at  Gross  Lichtcrfclde 
the  results  of  the  tests  on  ten  Portland  cements  carried  out  jointly 
by  the  Experiment  Station  and  a  committee  of  the  Association  of 
German  Portland  Cement  Manufacturers.  The  tests  included 
measurements  of  expansion  bars  of  neat  cement  and  of  i :  3  mortar 
placed  in  water.  No  tests  were  made  of  bars  in  air.  The  average 
results  of  the  expansion  tests  at  the  exi)eriment  station  arc  given  in 
Table  I,  A  few  results  by  TomeiJ  were  (piotcd  by  Gary  before 
the  International  Engineering  Congress  in  1893.     Campbell  and 


•Schumann.     Ttmittduilri*  Zeit.,  Vol.  $,  iSRi.  p.  1H4;    and  Vol.  i.\,  iHHu,  |>.  4.15. 
fOary.     Millh.  a.  d.  kgl.  tech.  Vertuehsanstalt  «m  Berlin,  1800.     GrgUnsungiihcft  i. 
ITooMH.     Tran$.  Am.  Boe.  CMt  Eng.,  Vol.  30.  1893.  p.  16. 
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Table  II. — Per  Cent.  Changes  in  Volume  of  Brick  and  Stone  when 
Alternately  Wet  and  Dried,  According  to  Schumann. 


Material. 


Brick,  light  burned,  red 

liard  burned,  wliite 

hard  burned,  white 

"       Very  hard  burned,  black.  . , 

Sandstone,  red,  fine  grained 

"  red,  coarse. 

"  green,  fine  grained  ... 

"  red,  fine  grained.  .  ... 

"  red,  very  fine  grained. 

Limestone,  white 

"  Lothringer  Lias 

Challe 

"  dense,  containing  clay 

Granite 

Basalt,  a 

b 

"         c 

d 


Two  Weeks 
in  Water. 


+0.016 
+0.010 
+0.019 
+0.006 
+0  006 
+0.016 
+  0.050 
+  0.050 
+  0.206 
+0.004 
+0.007 
+0.011 
+0  026 
+  0006 
+0.041 
+  0.026 
+0.048 
+0.023 


Two  Weeka 
in  Air. 


-0.015 
-0.009 
-0.010 
-0.008 
-0.018 
-0  023 
-0  050 
-0.050 
-0.178 
-0.008 
-0.008 
-0.009 
-0.026 
-0.015 
-0.050 
-0.027 
-0.050 
-0.057 


White*  in  1906  presented  a  study  of  56  expansion  bars  of  neat 
cement  which  had  been  under  observation  for  five  years.  A 
number  of  these  were  pathological  specimens  of  unsound  cement 
containing  free  lime  and  magnesia,  but  their  experiments  showed 
as  much  as  0.19  per  cent,  expansion  with  sound  neat  cement  kept 
in  water  for  five  years  and  a  shrinkage  as  high  as  0.39  per  cent, 
with  bars  of  sound  neat  cement  kept  in  air.  A  reliable  and  inex- 
pensive micrometer  and  a  satisfactory'  method  of  inserting  the  glass 
plates  in  the  expansion  bars  were  described  in  that  paper.  These 
improvements  obviate  the  difficulties  found  by  some  of  the  earlier 
German  investigators  in  getting  concordant  results.  Table  I 
presents  the  condensed  data  of  the  investigators  mentioned. 

The  tests  in  Table  I  were  all  made  on  small  bars  without 
metal  reinforcement.  So  far  as  the  author  has  been  able  to  dis- 
cover, only  two  investigators  have  ever  attempted  to  study  the 
most  important  subject  of  volume  changes  in  reinforced  concrete. 
Considere-f-  in  1899  reported  the  behavior  of  small  bars  of  neat 
cement  and  of  mortar  made  with  600  kilograms  of  cement  to  each 
cubic  meter  of  sand.  The  prisms  were  60  by  25  by  600  mm. 
Half  of  them  were  reinforced  with  a  round  steel  bar  10.2  mm. 
in  diameter.     The  measurements  extended  over  a  period  of  63 


♦Campbell -and  White.     Jour.  Am.  Chem.  Soc.,  Vol.  28,  1906,  p.  1173. 
tConsidere.     Comptes  rendus,  1899,  pp.  129,  467. 
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days  and  at  the  close  of  the  period  showed  the  foUowmg  changes 
reported  as  millimeters  per  loo  mm. 

In  Water.  In  Air. 

Neat  cement,  not  reinforced +0.079  — o.  132 

"            "         reinforced +0.022  —0.025 

Mortar,  not  reinforced +0.028  —0.050 

"        reinforced +  o  .  006  — o  .010 

Emerson*  in  1904  studied  the  change  in  length  of  the  rein- 
forcement. Bars  of  neat  cement  and  of  concrete  of  various  pro- 
portions were  made  8  by  8  ins.  by  3  ft.,  each  bar  carr}ing  a  steel 
rod  ^  in.  square  and  3  ft.  6  ins.  long.  The  progressive  changes  in 
the  length  of  the  rods  were  measured  for  3  months  and  the  resulting 
stresses  in  the  steel  calculated  from  Hooke's  law.  The  final 
measurements  on  bars  kept  constantly  in  water  showed  a  tensile 
stress  on  the  steel  amounting  to  about  8,000  lbs.  per  sq.  in.  when 
bedded  in  neat  cement  and  decreasing  to  a  little  over  i  ,000  lbs.  in 
1:3:6  concrete.  On  bars  kept  constantly  in  air  the  steel  was  shown 
to  be  under  a  compressive  stress  which  was  usually  greater  than  the 
tensile  stress  developed  in  bars  kept  under  water.  When  bars 
taken  from  water  were  placed  in  air  the  stresses  in  the  steel  changed 
from  tension  to  compression  as  the  bars  dried.  No  direct  measure- 
ments were  made  on  the  volume  changes  in  the  concrete. 

Only  one  experiment  seems  to  have  been  made  on  a  really 
large  scale.  Binnief  constructed  a  block  of  4-to-i  granite  concrete 
100  ft.  in  length  and  i  ft.  square,  built  on  rollers  so  as  to  be  free  to 
expand.  He  dismisses  the  subject  of  effect  of  moisture  with  the 
unsatisfactoW  statement  that  in  wet  weather  the  expansion  due 
to  moisture  was  often  as  much  as  that  due  to  summer  heat. 

The  experiments  of  the  investigators  cited  above  agree  in 
showing  that  neat  cements  hardening  under  water  expand  at  a 
decreasing  rate  for  several  years,  that  neat  cements  hardening  in 
the  air  contract  in  a  similar  manner  and  that  cement-sand  mortars 
change  in  the  same  direction  as  the  neat  cements,  but  to  a  less 
extent. 

The  effect  of  alternately  wetting  and  drying  concrete  is  given 
qualitatively  by  Binnie  and  may  also  be  deduced  qualitatively  from 

•UriMtnwjD.     Kmgitu^int  Nfw$,Vt>\.  <|i,  1004,  p.  ita. 
tBinnto.     /Vac.  Intt.  CMl  Eng.  Vol    irm,  t^os.  p.  ai. 
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the  experiments  of  Emerson.  Quantitative  measurements  are 
entirely  lacking.  It  is  worthy  of  comment  that  although  several 
investigators  have  reported  on  the  behavior  of  bars  in  water  for 
periods  of  several  years,  none  have  reported  on  the  behavior  of 
bars  kept  in  air  for  a  period  of  more  than  four  months,  with  the 
single  exception  of  Campbell  and  White  who  studied  one  commer- 
cial cement  during  four  years. 

This  curious  laxness  in  the  study  of  the  properties  of  Portland 
cement,  which  next  to  steel  is  the  world's  most  important  building 
material,  arises  probably  from  two  causes.  In  the  early  days  of 
the  Portland  cement  industry  the  material  was  used  almost  entirely 
for  structures  such  as  foundations  where  it  was  kept  constantly 
damp.  It  justified  itself  under  these  conditions  and  the  assurance 
with  which  it  was  used  in  damp  places  transferred  itself  unthink- 
ingly to  conditions  where  cement  is  less  stable.  The  other  reason 
for  the  oversight  is  probably  to  be  found  in  the  fact  that  few 
engineers  who  use  cement  have  had  the  chemical  training  which 
would  enable  them  to  study  the  complex  phenomena  involved  in 
these  changes. 

The  following  pages  show  especially  the  effect  of  alternately 
wetting  and  drving  bars  of  neat  cement  and  sand  mortar.  There 
are  also  included  the  behavior  of  various  bars  of  neat  cement  kept 
continuously  in  water  and  in  air.'  These  are  included  not  only 
because  more  data  on  the  subject  are  desirable,  but  because  the 
Portland  cement  now  being  used  is  a  different  material  from  that 
tested  by  the  European  investigators,  who  undoubtedly  worked 
with  cements  made  in  the  old  vertical  kilns.  The  modern  Ameri- 
can cement  made  in  rotar}'  kilns  differ  from  the  older  not  only  in 
method  of  manufacture  but  also  in  chemical  composition  and  is 
worthy  of  separate  study. 

Experimental  Method. 

The  method  of  making  and  measuring  the  expansion  bars  was 
that  of  Campbell  and  White.*  The  dimensions  of  the  bars  are 
approximately  i  by  i  by  4  ins.  and  they  contain  bevelled  glass 
plates  cast  into  the  end  to  ensure  a  smooth  surface  for  the  micro- 
metric  measurements.  The  Portland  cements  used  were  all 
commercial  samples  which  passed  successfully  the  standard  tests 

*your.  Am.  Cltem.  Soc.,  Vol.  28,  1906,  p.  1273. 
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for  soundness.  Standard  methods  were  used  in  proportioning  the 
water  and  in  mixing.  The  initial  measurement  was  made  after 
the  bar  had  stood  24  hours  in  the  damp  box. 

Campbell's  perfected  micrometer  is  described  and  illustrated 
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Fio.  I. — Linear  Contraction  of  Bars  of   Neat  Cement  kept  in 
Air  for  Four  Years,  expressed  in  per  cent. 

in  the  paper  referred  to.  It  is  possible  to  make  three  successive 
readings  with  it  with  a  maximum  error  of  about  0.005  ^^-  Since 
the  bars,  after  the  thickness  of  the  glass  i)lates  imbedded  in  the  end 
is  deductedi  are  almost  exactly  100  mm.  long,  each  o.ooi  mm. 
equals  O.CX5I  per  cent.  Tn  making  measurements  three  successive 
r^ings  arc  taken  and  the  mean  recorded.    The  bars  and  micro- 
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meter  are  kept  continuously  in  a  room  surrounded  on  all  sides  by 
other  rooms  in  a  building  whose  temperature  in  winter  is  controlled 
by  automatic  thermostats.  During  cold  weather  the  temperature 
of  the  room  will  not  vary  more  than  two  or  three  degrees  from 
70°  F.  In  summer  the  temperature  may  rise  to  80°  F.  Since  the 
difference  in  the  coefficients  of  expansion  of  the  cast-iron  yoke  of 
the  micrometer  and  of  concrete  is  only  0.0000005,  temperature 
variation  in  the  room  introduces  merely  a  negligible  error. 

Contraction  of  Neat  Cement  in  Air. 

The  curves  of  Fig.  i*  show  the  linear  shrinkage  of  bars  of  neat 
cement  kept  constantly  in  air.  Four  different  brands  of  commer- 
cial cement  all  passing  standard  specifications  for  constancy  of 
volume  are  represented.  The  volume  of  these  bars  varies  with  the 
humidity  of  the  air  but  on  the  whole  the  shrinkage  of  all  the  bars  is 
reasonably  uniform  and  averages: 

7  days  (average  of  6) -o .  109  per  cent. 

28  days  (average  of  6) -o .  190 

6  months  (average  of  6) -o .  236 

1  year  (average  of  5)  -o .  270 

2  years  (average  of  5)  -o . 289 

4  years  (average  of  3) -0.322 

It  is  evident  that  one-third  of  the  shrinkage  comes  in  the  first 
week,  more  than  half  of  it  in  the  first  month,  and  almost  all  of  it  in 
the  first  year.  A  shrinkage  of  0.322  per  cent,  amounts  to  nearly 
4  ins.  in  100  ft.  and  indicates  clearly  why  it  is  not  possible  to  use 
neat  cement  for  interior  floors  and  wall  finishes.  The  change  in 
volume  of  cement  and  sand  mortars  will  be  treated  later. 

It  is  often  held  that  the  use  of  fresh  cement  is  responsible  for 
cracks  in  finished  work.  It  is  therefore  of  particular  interest  to 
note  that  freshness  cannot  be  held  responsible  for  the  changes 
shown  here.  Bar  85  D  was  made  from  cement  which  had  been 
stored  in  our  laboratory  for  six  months  before  use.  Bar  122  B 
was  made  from  an  inspector's  sample  of  commercial  cement  when 
it  was  received  at  the  laboratory  and  122  F  was  made  after  it  had 
stood  in  an  open  bottle  in  the  laboratory  for  2  years  and  5  months. 
Bar  123  B  was  made  from  a  commercial  cement  the  day  after  it 
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had  been  ground  at  the  mill  and  123  J  after  it  had  been  aged  2 
years  and  6  months.  In  neither  case  can  any  efifect  of  ageing  be 
noticed.  The  shrinkage  at  the  end  of  2  years  is  practically  identical 
in  the  aged  and  fresh  cement. 

Changes  in  Volume  of  Bars  of  Neat  Cement  in  Water  and 
Alternately  Wet  and  Dry. 

The  first  four  curves  of  Fig.  2  show  the  changes  in  four  bars 
of  neat  Portland  cement  when  kept  under  water  at  approximately 
constant  temperature  for  almost  3  years,  allowed  to  dry  in  air  for 
2  months  at  the  same  temperature,  and  then  put  back  in  water 
again.  The  mills  represented  are:  131  C,  one  of  the  largest 
Lehigh  Valley  mills;  131  E,  a  small  Michigan  mill  of  good  reputa- 
tion using  the  wet  process  with  marl  and  clay;  131  G,  one  of  the 
large  mills  using  slag  and  limestone;  and  131  I,  another  Michigan 
mill  using  the  wet  process.  The  fifth  curve  of  Fig.  2  (131  A)  shows 
the  changes  in  a  bar  of  natural  rock  cement  from  one  of  the  leading 
mills  of  the  countr)'.  The  last  curves  (146  A3  and  A4)  show  the 
variations  in  two  bars  of  cement  from  still  another  Michigan  mill. 

The  behavior  of  the  first  four  Portland  cements  kept  con- 
stantly in  water  for  3  years  is  quite  in  accord  with  the  results 
obtained  by  Euroi)ean  investigators.  The  linear  expansion  at  the 
end  of  the  first  year  amounts  to  from  0.07  to  0.15  percent,  and 
the  expansion  after  the  first  year  is  very  slight.  The  high  expansion 
of  the  natural  rock  cement,  0.49  per  cent,  after  3  years  in  water,  is 
worthy  of  note  as  being  quadruple  that  of  the  average  of  the 
Portland  cements. 

Attention  is  especially  directed  to  the  contraction  in  these 
bars  after  they  were  removed  from  the  water  and  allowed  to  dry 
in  the  air  at  room  temperature.  The  change  in  volume  was  slow 
and  had  not  entirely  ceased  after  65  days  when  the  test  was  termi- 
nated. The  values  were,  however,  remarkably  concordant,  the 
largest  contraction  of  the  four  Portland  cements  being  0.15  and  the 
smallest  0.13  per  cent.  The  bars  not  only  shrank  to  their  initial 
volume  but  three  of  the  four  contracted  further.  When  the  bars 
thus  air-dried  were  again  placed  in  water  the  expansion  was  rapid. 
In  one  day  they  recovered  90  per  cent,  of  the  length  which  they 
had  lost  in  65-days'  air-drying  and  in  the  course  of  the  ne.xt 
month  they  slowly  expanded  further  until  three  of  the  four  were 
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longer  than  they  had  ever  been.  The  exception,  Bar  131  C, 
changes  very  slowly  and  it  appears  from  the  curve  that  it  had  not 
reached  equilibrium  either  on  drying  or  wetting. 


•  Measurements  of  bars  taken  from  water. 
"  Measurements  of  bars  Ijang  in  air. 

Fig.  2. — Linear  Expansion  and  Contraction  of  Bars  of  Neat  Cement 
when  Alternately  Wet  and  Dried,  expressed  in  per  cent. 


From  the  standpoint  of  structural  stability  it  is  rather  disquiet- 
ing to  learn  that  these  cements  which  had  remained  in  water  with- 
out any  measureable  change  in  volume  from  their  first  to  their 
third  year  shrank  1.7  ins.  in  100  ft.  when  they  were  dried  in  air 
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and  in  24  hours  when  again  brought  in  contrast  with  water  expanded 
1.5  ins.  and  within  a  month  had  expanded  1.8  ins.,  calculated  on  an 
5nitial  100- ft.  measurement.  The  question  of  the  ultimate  limit  to 
tihese  changes  is  discussed  later. 

The  natural-rock  cement  131  A  changed  similarly  but  in 
more  marked  degree.     Its  linear  contraction  on  drying  for  60  days 
amounted  to  0.24  and  its  expansion  after  subsequent  immersion 
for  24  hours  in  water  to  0.25  per  cent.     The  total  expansion  after 
30  days  in  water  was  0.30  per  cent. 

A  more  complete  illustration  of  the  magnitude  and  regularity 
of  the  changes  in  volume  as  the  cement  passes  from  the  wet  to  the 
dr}'  state  is  shown  by  the  last  curves  of  Fig.  2,  Bars  146  A  III  and 
A IV,  These  bars  have  during  their  18  months'  existence  been 
systematically  alternated  in  air  and  water.  The  points  make  a 
fairly  regular  sawtooth  curve  which  would  probably  have  been 
more  regular  had  a  longer  time  been  allowed  for  equilibrium  in  the 
early  portion  of  the  test.  The  last  change  of  146  A  III,  which  was 
the  most  carefully  watched,  shows  a  variation  from  —0.038  to 
+0.058,  a  total  change  of  0.096  per  cent.,  as  it  passed  from  the  dry 
to  the  wet  state  for  the  seventh  time.  The  behavior  of  these  com- 
panion bars,  146  A  III  and  A IV  is  treated  more  fully  in  the 
discussion  of  the  behavior  of  sidewalks. 

Change  in  Volume  of  1:3  Sand  Mortars,  Alternately 
Wet  and  Dry. 

Fig.  3  shows  the  changes  in  length  of  eight  bars  of  Portland- 
cement  mortar  mixed  in  the  proportion  of  i  part  by  weight  of 
cement  to  3  of  standard  Ottawa  sand.  The  curves  are  quite  like 
those  of  the  neat  cement  but  the  changes  arc  on  a  smaller  scale. 
The  bars  kcj)t  continuously  in  water  expand  within  the  first  few 
weeks  as  much  as  0.05  per  cent.,  but  decrease  after  that  and  usually 
ex[)and  again  later  to  a  figure  that  is  no  greater  than  0.05.  Bars 
kej)t  continuously  in  air  show  greater  volume  changes  than  those 
kept  in  water,  the  contraction  after  3  months  averaging  about 
0.08  per  cent,  and  running  as  high  as  o.io  per  cent.  When  the 
bars  change  from  the  dry  to  the  wet  state  and  vice  versa  the  change 
in  length  is  about  0.06  per  cent. 

One  of  the  best  known  commercial  waterproofing  comjiounds, 
used    in    accordanrc    with    tlic    mMinifjicturcr's    directions,    was 


White  on  Expansion  and  Contraction  of  Cement     541 


incorporated  with  the  four  middle  bars  of  Fig.  3  (146  X,  XI,  XV, 
XX)  in  the  hope  that  the  value  of  3uch  compounds  might  be  dem- 
onstrated.   There  is  no  evidence  of  favorable  effect,  the  change 

Years. 
0  I  2 


•  Measurements  of  bars  taken  from  water. 
/     "  Measurements  of  bars  lying  in  air. 

Fig.  3. — Linear  Expansion  and  Contraction  of  Bars 
of  1 : 3  Cement  Mortar  when  Alternately 
Wet  and  Dried,  expressed  in  per  cent. 

between  the  wet  and  dry  states  being  fully  as  large  and  apparently 
as  prompt  as  in  the  bars  not  waterproofed. 

Variations  in  Volume  of  Compound  Bars. 
In  order  to  get  a  direct  comparison  between  bars  of  neat 
cement  and  those  made  with  sand  under  identical  conditions, 
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compound  bars  were  made  by  casting  a  bar  of  neat  cement  inte- 
grally on  a  freshly  formed  bar  of  the  same  dimensions  made  of  i  part 
cement  to  3  sand.  Four  of  these  bars  were  made  from  the  same 
lot  of  cement  at  approximately  the  same  time.    Their  variations  in 


*  Measxurements  of  bars  taken  from  water. 
°  Measurements  of  bars  lying  in  air. 

Neat  cement. 

1:3  mortar. 

Pio.  4. — Linear  Expansion  and  Contraction  of 
Compound  Bars  of  Neat  Cement  and  1:3 
Sand  Mortar  when  Alternately  Wet  and 
Dried,  expressed  in  per  cent. 

volume  are  snown  graphically  in  Fig.  4,  the  initial  measurement 
of  each  being  plotted  as  zero. 

ComfX)und  bar  146  VII  was  kept  continuously  in  water  for 
14  months.  Both  portions  expanded  but  at  unc(|ual  rates,  so  that 
at  the  end  of  this  period  the  neat  bar  was  0.038  per  cent,  longer 
than  the  one  containing  sand.     On  drying  in  air  both  shrank,  but 
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the  mortar  bar  contracted  the  more  rapidly  so  that  at  the  end  of  a 
week  the  neat  bar  was  0.072  per  cent,  longer  than  the  other.  As 
the  mortar  bar  reached  equilibrium  the  neat  bar  caught  up  with  it 
and  even  passed  it,  so  that  at  the  end  of  2  months  it  was  the  shorter 
by  0.012  per  cent.  On  placing  in  water  both  expanded  rapidly,  the 
mortar  0.050  per  cent,  in  24  hours  and  the  neat  0.086  per  cent. 
The  neat  bar  kept  increasing  until,  as  was  the  case  with  the  four 
neat  cements  previously  noted,  it  overtopped  any  previous  record 
and  at  the  end  of  a  month  was  0.075  P^^  cent.  longer  than  its  com- 
])anion,  whereas  after  14  months'  pre\ious  immersion  in  water  it 
had  only  been  0.038  per  cent,  longer. 

Compound  bars  146  II  and  146  VI  were  made  to  test  the  effect 
of  fineness  of  sand.  The  mortar  bar  of  146  II  was  made  with 
Standard  Ottawa  sand  while  146  \'I  contained  river  sand  from 
which  everything  coarser  than  40  mesh  had  been  sifted.  Both  bars 
were  kept  in  air  for  over  a  year  and  then  immersed  in  water.  No 
marked  effect  of  the  difference  in  sand  can  be  noted.  The  con- 
traction of  the  bar  with  the  fine  sand  is  rather  Jess  than  that  with 
the  standard  sand  but  the  difference  is  not  definite  enough  to  be 
certain.  The  neat  cement  portions  of  the  bars  behaved  alike  and 
similarly  to  the  others  noted,  contracting  over  0.20  per  cent,  in  one 
year.  At  the  end  of  the  year  the  neat  cement  bar  146  II  was 
0.147  P^^  cent,  shorter  than  its  companion  mortar  bar  and  the  neat 
bar  146  VI,  0.150  per  cent,  shorter  than  its  companion.  On 
])lacing  in  water  there  was  the  usual  sharp  expansion  followed  by  a 
contraction  as  the  bars  were  again  dried  in  air  and  another  expan- 
sion as  they  were  placed  in  water,  and  so  on. 

Compound  bar  146  I  was  changed  ever}'  week  during  its  first 
few  weeks  and  shows  the  usual  sharp  alternations  with  no  sign  of 
decrease  in  intensity-  with  age. 

Illustrations  from  Actual  Practice. 

It  may  be  urged  that  the  foregoing  tests  were  all  made  on 
small  bars  manufactured  in  the  laboratory  and  that  such  large 
values  might  not  be  obtained  in  actual  practice.  To  meet  this 
objection  and  also  to  make  the  case  stronger  the  results  shown  in 
Fig.  5  are  introduced.  The  scale  in  this  plate  is  purposely  changed 
in  order  that  the  steady  nature  of  the  changes  in  volume  may  be 
shown  by  daily  measurements.     The  ordinates  remain  the  same 
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but  the  abscissas  are  magnified  thirt}'  times,  each  horizontal  unit 
representing  a  day. 

Bar  156  A  is  made  from  a  part  of  the  cement  sidewalk  on  the 
north  side  of  the  campus  of  the  University  of  Michigan.  It  was 
laid  in  1890  from  imported  German  cement  by  the  University 
workmen  who  were  paid  by  the  day  and  under  no  temptation  to 
slight  the  work  or  skimp  cement.  Most  of  the  slabs  of  this  walk 
are  now  warped  slightly  so  that  shallow  puddles  of  water  stand  in 
ihem  after  a  rain,  and  even  after  twenty  years  the  expansion  is  still 
occasionally  causing  adjacent  blocks  to  heave  and  form  an  inverted 
"V."  The  top  layer  is  split  from  the  bottom  in  many  places  and  it 
was  from  one  of  these  pieces  of  the  top  coat  that  bar  156  A  was 
sawed.  An  examination  of  its  lower  surface  shows  that  the  split 
was  not  due  to  faulty  bonding,  for  the  break  has  occurred  not  at 
the  exact  junction  of  the  top  coat  and  base,  but  just  below  the  upper 
surface  of  the  base.  The  top  coat  carries  with  it  a  thin  layer  of  the 
base.  This  bar  became  dampened  in  the  sawing  process  and  was 
therefore  put  into  water  and  allowed  to  become  saturated  and  fully 
expanded  before  the  measurement  recorded  as  the  initial  was  made. 
It  will  be  noted  that  it  then  contracted  slowly  for  14  days  in  the  air, 
the  total  shrinkage  being  0.05  per  cent.,  and  that  on  putting  it  into 
water  it  expanded  to  practically  its  initial  volume  in  4  days.  When 
removed  from  water  it  contracted  again  as  before. 

Another  instance  to  which  attention  is  called  is  bar  156  E,  cut 
from  a  piece  of  cement  stucco  which  came  loose  from  a  brick  porch 
after  only  two  years'  ser\'ice.  The  stucco  is  well  mixed,  has  a  good 
ring  and  is  hard.  The  brand  of  cement  used  and  the  proportions 
are  unknown,  but  it  is  certainly  a  rich  mixture,  probably  as  high  as 
1:1.  The  stucco  in  coming  off  did  not  split  off  from  the  brick  but 
in  almost  all  instances  carried  a  thin  skin  of  the  brick  adhering  to  it, 
showing  that  the  fault  did  not  lie  in  failure  to  bond  the  materials 
together.  The  behavior  of  a  bar  sawed  from  this  stucco  is  shown 
in  the  curves  for  1 56  E.  It  was  sawed  to  shape  without  moistening, 
and  when  placed  in  water  for  24  hours  it  exjianded  0.07  per  cent. 
and  reached  0.08 per  cent,  after  4  days  in  water.  On  drying  in  air 
it  slowly  returned  to  its  original  volume.  It  is  not  to  be  wondered 
at  that  a  stucco  which  expands  practically  i  in.  in  100  ft.  whenever 
it  gets  thoroughly  wet,  should  fail. 

Another  instance  of  change  of  volume  in  material  whi(  h  has 
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been  in  use  many  years  is  afforded  by  the  study  of  a  section  of 
cement  sidewalk  which  was  taken  up  in  good  condition  after  20 
years'  service.  From  this  was  sawed  a  bar  approximately  i  by 
2  by  4  ins.,  consisting  of  the  top  coat  i  by  f  by  4 ins.  on  a  section  of 
the  bottom  portion  i  by  i^  by  4  ins.  This  bar  (156  B)  is  therefore 
similar  in  many  ways  to  the  compound  bars  of  neat  cement  and  1 13 
mixture  before  referred  to.  It  showed  the  usual  expansion  of  both 
layers  in  water  and  the  contraction  in  air  which  was  expected. 
When  placed  in  water  the  bottom  layer  expanded  practically  its 
whole  amount  (0.033  P^^  cent.)  in  15  minutes,  while  the  richer  top 
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•  Measurements  of  bars  taken  from  water. 
°  Measurements  of  bars  lying  in  air 

Fig.  5. — Linear  Expansion  and  Contraction  of  Bars  Cut  from 
Stuccos  and  Sidewalks  when  Alternately  Wet  and 
Dried,  expressed  in  per  cent. 

layer  expanded  in  the  same  time  only  o.oio  per  cent.  At  the  end 
of  24  hours  the  top  portion  had  expanded  0.028  per  cent.,  and 
after  3  days  had  become  practically  constant  with  almost  the  iden- 
tical expansion  0.035  P^'*  cent,  which  the  bottom  showed.  This 
is  interesting  partly  because  of  the  evidence  of  alternate  bending 
stress  in  the  concrete  due  to  the  more  rapid  expansion  of  the  lower 
layer  and  partly  because  of  the  ultimate  agreement  in  expansion 
of  the  top  and  bottom  portion.  Note  that  this  cement  sidewalk 
was  in  good  condition. after  20  years'  sendee.  It  is  possible  that  its 
satisfactor}'  condition  is  due  to  this  agreement  in  coefficient  of 
expansion  of  the  two  layers. 
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Another  bar  was  sawed  from  the  same  piece  of  this  sidewalk 
immediately  adjacent  to  the  first  one,  but  instead  of  being  left  as  a 
compound  bar  it  was  again  sawed  at  the  line  of  demarcation 
between  the  top  and  bottom  coats,  so  that  the  top  portion  (Bar 
156  C)  was  separated  from  the  bottom  (Bar  156  D).  These  two 
bars  were  then  alternately  wet  and  dried,  as  the  others  had  been,  to 
determine  whether  in  the  compound  bar  the  change  in  volume  of 
one  portion  had  been  influenced  by  the  other.  This  has  appar- 
ently not  been  the  case  in  this  bar,  for,  as  shown  by  the  curve,  the 
two  portions  C  and  D  expand  and  contract  to  about  the  same 
extent  and  at  the  same  rate  as  in  the  compound  bar  B. 

Summary  of  Experimental  Data. 

In  the  foregoing  pages  there  have  been  presented  data  on  the 
sadly  neglected  subject  of  expansion  and  contraction  of  hydraulic 
cements  as  they  age  in  water  and  in  air  and  as  they  are  alternately 
wet  and  dr}'.  It  should  be  emphasized,  however,  that  the  number 
of  experiments  is  entirely  inadequate  to  make  it  proper  to  quote 
them  as  average  results.  They  are  to  be  regarded  merely  as 
illustrations  of  how  some  acceptable  commercial  cements  have 
behaved.  It  is,  however,  permissible  to  summarize  the  extremes 
to  show  the  range  of  fluctuation. 

Neat  cement  bars  hardening  under  water. — After  i  year, 
expansion  0.07  to  0.15  per  cent.;  i  year  to  4  years  almost  no 
change;  on  drj'ing  after  3  years  in  water,  contraction  0.13  to 
0.15  per  cent.;  on  wetting  again,  expansion  0.13  to  0.17  per  cent. 

Neat  cement  bars  hardening  in  air. — Contraction  after  3 
months,  0.14  to  0.28  per  cent.,  after  i  year,  0.18  to  0.34  percent., 
with  slight  increase  to  4  years. 

Cement- sand  bars,  1:3. — Hardening  under  water,  expansion 
o.oi  to  0.05  per  cent.,  the  greatest  changes  being  in  the  first  few 
weeks;  hardening  in  air,  contraction  0.06  to  0.09  i)er  cent.,  most 
of  the  contraction  being  in  the  first  three  months;  on  wetting  and 
drying,  expansion  0.04  to  0.09  j^er  cent,  on  wetting,  and  contrac- 
tion within  same  limits  on  dr)'ing. 

Compound  bars  made  of  one  layer  of  neat  cement  on  a  layer 
of  1 :3  sand  expand  and  contract  together  but  at  different  rates  and 
to  different  degrees.  The  differential  expansion  varies  from  0.00 
to  o.  1 5  |)cr  cent. 
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The  one  natural  rock  cement  tested  showed  twice  as  much 
variation  in  volume  as  Portland  cement. 

These  variations  in  volume  with  change  of  moisture  content 
do  not  disappear  with  lapse  of  years,  for  changes  of  0.05  and  0.06 
per  cent,  have  been  observed  in  bars  cut  from  sidewalks  which 
have  been  laid  20  years. 

Changes  in  Monolithic  Cement  and  Concrete. 

These  changes  noted  above  may  seem  small,  but  when  con- 
verted into  other  figures  their  real  seriousness  becomes  apparent. 
The  following  hypothetical  illustrations  are  presented  to  show 
the  magnitude  of  the  possible  stresses. 

Imagine  a  wall  of  neat  Portland  cement  100  ft.  long  anchored 
at  each  end  to  absolutely  immovable  supports.  Let  it  be  kept 
under  water  for  3  years.  At  the  end  of  that  time  it  would,  had  it 
been  free,  have  expanded  o.i  per  cent,  or  1.2  ins.  Since  it  is 
supposedly  not  free  to  expand  the  compression  will  be  o.  i  per  cent, 
and  the  compressive  stress,  on  an  assumed  modulus  of  elasticity 
of  5,000,000,  will  be  5,000  lbs.  per  sq.  in.  Perhaps  the  cement 
could  withstand  this  pressure. 

Imagine  now  that  this  cement  wall  becomes  dry.  It  should 
contract  1.7  ins,,  but  since  it  is  not  free  there  will  be  developed  a 
tensile  stress  of  7,500  lbs.  per  sq.  in.,  which  is  several  times  more 
than  it  can  stand.     The  wall  would  have  to  crack. 

Suppose  this  neat  cement  wall  had  been  originally  allowed  to 
harden  in  the  open  air.  After  2  years  it  would,  if  free,  have 
contracted  0.25  per  cent.,  but  since  it  is  anchored  at  the  ends  there 
will  be  (assuming  the  same  modulus)  a  tensile  stress  of  12,000  lbs. 
per  sq.  in.  Is  it  not  evident  why  neat  cement  is  not  used  in 
practice  ? 

If  the  above  wall  had  been  built  of  concrete  with  the  same 
volume  changes  as  the  i :  3  sand  bars  and  as  the  old  sidewalks  whose 
measurements  are  given  above,  its  change  in  length  between  the 
wet  and  dry  states  would  probably  have  amounted  to  0.05  percent,, 
which  with  a  modulus  of  elasticity  of  2,500,000  lbs,  per  sq.  in. 
corresponds  to  a  stress  of  1,250  lbs.  per  sq.  in.  The  concrete  could 
withstand  this  in  compression  but  not  in  tension.  Not  even  our 
best  steel  will  stand  indefinitely  repeated  alternate  bending  stresses 
nearly  to  its  elastic  limit.    Why  should  we  wonder  then  if  a  rich 
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cement  mixture  should  ultimately  crack  when  exposed  to  the  stress 
resulting  from  a  volume  change  of  0.05  j)er  cent,  ever}'  time  it  is 
exposed  to  rain  or  sunshine  ? 

There  is  no  experimental  evidence  which  shows  the  changes 
in  volume  of  leaner  concrete.  It  is  evident  that  the  properties  of 
the  sand  and  rock  become  of  increasing  importance  as  thoir 
j)ercentage  increases.  The  tests  by  Schumann  on  volume  change  i 
in  building  stones,  quoted  at  the  commencement  of  this  paper, 
show  small  values  for  limestones  but  variable  values  for  sandstones, 
the  upper  figures  being  almost  as  high  as  those  quoted  for  neat 
cement.  Whatever  the  values  might  be  for  crushed  stone  as  used 
in  concrete,  it  is  hardly  conceivable  that  gravels  and  sands  which 
have  withstood  the  action  of  the  weather  for  centuries  without 
disintegration  can  change  their  \olume  much  when  wet  and  dried. 
It  seems  probable  that  in  gravel  concrete  the  volume  changes 
decrease  as  the  proportion  of  cement  decreases,  until  a  certain 
lower  limit  is  reached  where  the  change  in  volume  is  purely  a 
capillar)'  phenomenon. 

If  this  line  of  reasoning  is  correct  those  concrete  structures 
should  be  most  stable  when  exposed  to  the  weather  in  which  there 
is  just  sufficient  cement  to  give  strength  but  not  enough  to  cause 
excessive  volume  changes.  Practical  experience  apparently  con- 
firms this  view. 

Stucco. 

There  are  many  instances  where  stucco  has  remained  perfect 
even  when  exposed  to  the  weather  for  half  a  centur}-.  There  arc 
probably  more  instances,  especially  in  recent  years,  where  stucco 
has  failed  miserably  in  5  years.  The  excellence  of  old  stucco  is 
sometimes  laid  to  the  natural  rock  cement  with  which  most  of  it 
was  made.  It  is  not  safe  to  deny  this  on  the  evidence  of  a  single 
experiment,  yet  attention  may  be  drawn  again  to  the  one  natural 
rock  cement  which  has  been  tested  in  our  laborator}',  whose  volume 
changes  were  in  every  way  much  greater  than  those  of  Portland 
cement. 

Is  it  not  more  probable  that  the  old  stucco  has  survived 
because  of  its  lower  proportion  of  cement  ?  When  it  was  simply  a 
question  of  providing  a  rough  brick  or  stone  wall,  entirely  durable 
in  itself,  with  a  smooth  surface,  and  when  in  addition  hydraulic 
cement  was  expensive,  it  was  natural  to  use  a  mortar  containing 
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just  enough  cement  to  adhere  to  the  wall.  With  the  introduction 
of  metal  lath  as  the  support  for  stucco,  and  the  necessity  of  pro- 
tecting the  metal  from  corrosion,  coincident  with  the  drop  in  price 
of  Portland  cement  came  the  use  of  richer  stuccos. 

The  step  was  apparently  an  unfortunate  one,  for  a  volume 
change  of  i  in,  in  100  ft.  as  shown  by  the  stucco  156  E  as  it  changes 
from  the  wet  to  the  dry  state  cannot  but  cause  cracks.  They  may 
be  only  hair  cracks,  for  with  a  crack  every  1 2  ins.  each  crack  need 
only  be  o.oi  in.  wide  to  take  up  the  whole  change  in  volume. 
The  elastic  metal  lath  will  probably  yield  without  mechanical 
injury,  but  the  protection  against  corrosion  which  the  stucco  is 
supposed  to  afford  disappears  with  the  first  hair  crack,  and  unless 
the  lath  has  been  better  protected,  by  galvanizing  or  painting,  than 
most  sorts  are  by  the  manufacturers,  its  days  are  numbered.  It 
would  have  been  better  to  have  used  a  leaner  stucco  and  kept  it 
free  from  cracks. 

A  stucco  rich  in  cement  may  also  split  off  in  time  from  brick 
where  a  lean  stucco  would  have  remained  good.  The  change  in 
volume  of  brick  when  wet  and  dry  is,  according  to  Schumann,  less 
thanx).o2  per  cent.  If  the  change  in  the  stucco  is  0.08  per  cent, 
there  is  opportunity  for  a  stress  corresponding  to  a  volume  change 
of  0.06  per  cent,  which  might  be  1,500  lbs.  per  sq.  in.  The  fact 
that  the  stucco  has  not  split  off  in  i  or  2  years  does  not  mean  that 
it  may  not  split  off  in  5  or  10  years. 

Interior  Floors. 

The  question  of  reinforced  concrete  is  discussed  in  a  later 
paragraph.  Here  only  the  changes  in  the  concrete  itself  will  be 
considered.  The  usual  practice  will  be  assumed  in  which  there  is 
a  base  of  rather  lean  concrete  covered  with  a  wearing  coat  of  mortar 
sometimes  as  rich  as  1:1. 

The  first  case  assumed  will  be  that  of  a  cellar  floor  where  the 
base  is  tamped  down  and  the  top  coat  at  once  put  on,  giving  the 
best  conditions  for  bonding.  The  whole  mass  gradually  dries  out 
and  shrinks,  but  the  top  coat,  because  of  its  high  content  of  cement, 
shrinks  more,  so  that  the  conditions  will  somewhat  resemble  those 
represented  by  Curves  142  II  and  VI  of  Fig.  4.  The  top  coat  will 
tend  to  separate  from  the  base,  but  since  a  cellar  is  always  relatively 
damp  there  will  probably  be  little  trouble. 
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The  situation  is  not  so  favorable  when  a  top  coat  is  to  be  laid 
on  an  upper  floor  of  a  concrete  building.  The  main  portion  of  the 
floor  has  been  poured  for  possibly  3  months  and  has  already 
completed  most  of  its  shrinkage.  Its  surface  is  also  probably  dirty 
so  that  the  freshly  poured  mortar  will  not  readily  unite  with  it. 
Both  of  these  circumstances  are  unfavorable.  The  fact  that  the 
main  portion  of  the  floor  has  already  dried  out  and  shrunk  causes 
an  even  greater  differential  shrinkage  of  the  top  coat.  The  advice 
is  usually  given  to  wet  the  floor  thoroughly  before  pouring  the  top 
coat.  It  would  be  better  to  keep  it  wet  for  24  hours  beforehand  in 
order  to  give  it  an  opportunity  to  expand  to  somewhere  near  its 
initial  volume. 

It  is  not  surprising  if  under  these  circumstances  the  top  splits 
off  the  base,  shrinkage  cracks  appear,  and  the  individual  slabs  curl 
up  somewhat  at  the  edges  in  the  effort  to  relieve  the  shrinkage 
strains.  In  case  electric  conduits,  etc.,  are  bedded  in  the  top  coat 
then-  course  will  be  indicated  by  shrinkage  cracks  following  the 
lines  of  weakness  which  they  cause.  Since  these  floors  remain 
continually  dry,  conditions  will  become  constant  after  a  few 
months,  and  there  will  be  little  further  change. 

Sidewalks  and  Pavements. 

The  chief  factor  which  influences  the  behavior  of  sidewalks 
and  pavements  is  the  weather.  The  influence  of  temperature  is 
well  known  and  will  not  be  dwelt  upon.  A  sidewalk  usually 
consists  of  a  base  of  rather  lean  concrete  covered  with  a  wearing 
coat  of  cement  mortar  which  may  be  as  rich  as  1:1,  and  is  not 
usually  i)Oorer  than  1:2.  The  walk  is  cut  into  blocks  and  is  some- 
times provided  with  expansion  joints. 

As  the  walk  dries  out  the  top  coat  shrinks  more  than  the 
bottom,  as  shown  in  the  experimental  study  of  compound  bars. 
The  effect  can  often  be  seen  in  sidewalks  where  the  contraction 
has  dished  the  entire  slab  so  that  shallow  puddles  of  water  stand 
in  them  after  a  rain.  When  the  walk  is  wet  by  the  rain  the  top 
cxj>ands  more  than  the  base.  The  alternate  bending  stresses  thus 
dcvcloi)Ccl  all  too  often  show  themselves  after  a  few  years  when 
the  top  coat  splits  off  the  base. 

The  necessity  of  expansion  joints  is  now  well  recognized, 
although  they  arc  put  in  principally  to  take  care  of  expansion  due 
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to  changes  of  temperature.  The  experiments  presented  in  this 
paper  on  both  neat  and  sand  briquettes  indicate  that  the  expansion 
of  cements  kept  wet  ceases  at  the  end  of  a  year,  and  that  the  total 
expansion  does  not  amount  to  over  o.i  per  cent.  This  would 
require  a  J-in.  expansion  joint  every  20  ft.  In  addition  there  must 
be  the  joints  to  care  for  the  expansion  due  to  summer  heat,  which 
for  a  rise  of  100°  F.  is  0.05  per  cent.,  about  half  of  what  may  be 
expected  from  moisture.  To  take  care  of  the  volume  changes 
from  both  these  causes  a  ^-in.  expansion  joint  every  10  ft.  should  be 
adequate,  although  it  does  not  include  much  margin  of  safety. 
In  hot  weather  after  a  long  rain  these  joints  would  be  almost 
closed.     In  dry  or  colder  weather  they  would  be  open. 

According  to  the  experimental  figures  any  evils  due  to  expan- 
sion should  make  themselves  evident  during  the  first  two  years, 
but  practice  does  not  always  bear  out  this  assumption.  Reference 
was  made  at  the  commencement  of  this  article  to  the  cement  walk 
laid  around  the  campus  of  the  University  of  Michigan  twenty 
years  ago,  which  is  still  showing  expansion  and  giving  mute 
evidence  of  the  pressure  generated  by  occasionally  thrusting  up  two 
adjacent  slabs  in  an  inverted  "V".  This  is  not  a  phenomenon 
due  to  summer  heat  for  it  occurs  usually  in  the  spring.  What  is 
the  cause  which  is  still  making  this  walk  expand  after  twenty  years? 

An  explanation  may  be  suggested,  although  it  is  not  possible  to 
prove  it  completely.  It  is  well  known  that  the  glass  of  thermome- 
ters expands  when  heated  and  contracts  when  cooled,  but  not 
to  its  original  length  except  after  a  long  lapse  of  time.  Ther- 
mometers which  are  used  frequently  at  high  temperatures  keep 
growing  longer.  If  they  are  laid  away  for  a  long  period  of  time 
they  shorten  again  and  may  even  become  shorter  than  when  first 
calibrated.  Metals  behave  similarly,  so  that  it  is  not  possible  to 
utilize  their  expansion  for  making  pyrometers  which  will  not  need 
frequent  recalibration.  The  warping  of  the  grate  bars  of  fireboxes 
due  to  expansion  is  another  illustration.  It  would  be  natural  to 
expect  by  analogy  that  concrete  would  tend  to  a  permanent 
expansion  when  it  is  kept  wet  longer  and  oftener  than  it  is  dr}-,  and 
that  it  would  tend  to  become  shorter  under  the  opposite  conditions. 
The  experiments  of  this  paper  in  general  confirm  this  theory. 
Of  the  five  bars  of  neat  cement  of  Fig.  2  which  had  been  kept  under 
water  for  three  years  and  were  then  dried  out  and  re-inmiersed,  all 
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but  one  were  longer  after  the  re-immersion  than  they  had  been, 
and  the  one  exception  is  apparently  susceptible  of  explanation. 

A  more  striking  illustration  is  afforded  by  the  two  neat  bars 
146  A  III  and  A  IV  which  are  shown  at  the  bottom  of  Fig.  2. 
These  bars  were  made  on  the  same  day  from  identical  materials, 
but  after  the  initial  measurement  A  III  was  left  in  the  air  and  A  IV 
placed  in  water.  They  were  then  alternated  between  air  and 
water,  at  first  at  the  end  of  each  week  and  afterwards  at  longer 
intervals.  There  is  however  a  definite  difference  in  the  treatment 
of  the  two,  for  with  A  III  each  cycle  has  consisted  of  a  period  in 
air  of  two  or  three  months  followed  by  an  immersion  in  water  of 
usually  a  week.  It  has  therefore  been  dry  most  of  its  life  and  its 
mean  length  since  the  end  of  the  first  month  has  been  steadily 
diminishing,  as  the cur\e clearly  shows.  The  companion  bar  A  IV 
was  subjected  to  the  opposite  treatment  in  that  its  long  periods 
were  in  water  and  its  short  periods  in  air.  Its  mean  length  and 
also  its  length  when  wet  has  been  steadily  increasing  for  the  18 
months  of  its  existence,  although  the  rate  of  increase  since  the 
ninth  month  has  been  slow.  At  its  last  measurement  it  was 
slightly  longer  than  another  bar  of  the  same  cement  which  had  been 
kept  constantly  in  water,  but  it  will  require  a  longer  time  to  decide 
whether  the  increase  is  material. 

This  theor}'  of  the  continued  expansion  of  cement  walks  in  a 
rather  damp  climate,  such  as  that  of  Michigan,  is  the  only  one 
which  seems-  to  adequately  explain  the  compression  ridges  still 
occasionally  developing  in  the  twenty-year-old  walk  on  the  campus 
of  the  University  of  Michigan  which  has  been  referred  to  before. 
If  the  theory  is  correct  it  would  indicate  that  there  would  be  more 
trouble  with  cement  sidewalks  and  pa\  ements  in  wet  countries  than 
in  those  which  are  reasonably  dry,  and  that  there  is  need  of  much 
wider  expansion  joints  in  damp  climates. 

Reinforced  Concrete. 

It  is  endcnt  from  the  data  presented  here  that  concrete  under- 
goes a  notable  shrinkage  as  it  drys.  If  a  concrete  beam  is  formed 
rigidly  fixed  at  both  ends,  as  is  practically  the  case  in  skeleton 
concrete  construction,  it  is  evident  that  it  must  on  hardening  be 
under  an  initial  tensile  stress  due  to  contraction.  Conditions  will 
not  be  changed  by  the  presence  of  steel  reinforcement  provided  the 
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ends  are  absolutely  rigid.  If,  however,  the  ends  of  the  beam 
yield  at  all,  and  the  concrete  adheres  to  the  steel,  the  strains  will  be 
adjusted  between  the  two.  The  steel  will  be  in  compression  and 
the  concrete  in  tension,  but  to  a  lesser  extent.  In  the  review  of 
the  literature  at  the  commencement  of  this  paper  attention  was 
directed  to  the  experimental  work  of  Considere  and  to  the  experi- 
ments of  Emerson,  who  found  that  even  with  mixtures  as  lean  as 
those  used  in  practice,  compressive  stresses  of  2,500  lbs.  per  sq.  in. 
might  be  developed  in  the  steel  through  the  volume  changes  in  the 
concrete  of  bars  only  3  ft.  long  and  not  anchored  at  either  end. 
The  paucity  of  information  on  Ihjs  subject  should  be  emphasized. 
There  is  every  probability  that  there  are  important  stresses  in  all 
reinforced  concrete  work  due  to  volume  changes  in  the  concrete 
of  which  the  designers  have  had  no  knowledge.  These  stresses 
may  have  been  to  blame  for  some  of  the  collapses  which  have 
occurred  in  reinforced  work,  and  the  small  number  of  such  col- 
lapses may  be  more  a  tribute  to  the  value  of  the  factor  of  safety  than 
to  scientiik  knowledge. 

It  is  encouraging  to  note,  however,  that  in  buildings,  where  the 
beams  remain  dr}',  most  of  the  contraction  will  have  taken  place  at 
the  end  of  the  first  three  months  and  that  from  that  time  on  the 
volume  changes  will  be  slight.  Concrete  floor  beams  are  treacher- 
ous during  the  first  few  weeks  not  only  because  the  concrete  itself 
is  new  and  weak  but  because  of  the  tensile  stresses  developed. 

There  is  danger  that  a  rather  slight  load  on  a  green  beam 
may  cause  cracking  if  not  total  failure,  for  it  is  entirely  possible 
that  the  whole  of  the  concrete  is  in  tension  and  its  tensile  strength 
at  that  stage  is  \ery  small.  Several  weeks  should  be  allowed  to 
elapse  even  in  warm  weather  before  the  forms  are  taken  off  and 
the  supports  removed.  Fortunately  these  tensile  stresses  seem  to 
practically  reach  their  maximum  in  three  months,  while  the  concrete 
gains  in  strength  for  a  much  longer  period,  so  that  if  a  concrete 
building  is  successfully  completed  there  does  not  seem  to  be  a 
probability  of  future  failure  due  to  changes  within  the  concrete. 

Causes  of  Change  of  Volume. 

There  is  no  experimental  work  to  account  for  these  volume 
changes.  Their  progressive  nature  as  the  cement  hardens  in 
water  or  air  makes  it  evident  that  they  are  connected  with  the 
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chemical  processes  of  hardening.  Since  the  hardening  of  cement 
is  recognized  as  being  essentially  a  process  of  colloid  formation  and 
change,  it  may  seem  not  unreasonable  to  hold  that  the  changes  are 
connected  with  the  volume  of  the  colloid  water.  The  nature  of  the 
volume  changes  as  cement  passes  from  the  dry  to  the  wet  state  is 
in  harmony  with  this  view.  It  is  probable  that  the  volume  changes 
are  also  due  in  part  to  purely  capillary  phenomena,  for  sandstones 
and  other  building  stones  expand  when  wet  and  contract  when 
dry.  The  amount  of  the  expansion  and  contraction  of  concrete 
decreases  as  less  cement  is  used,  so  that  it  appears  that  the  changes 
are  more  a  function  of  the  cement  than  of  the  mineral  aggregate. 
The  subject  has  not  been  sufficiently  studied  to  show  how  far 
such  factors  in  the  manufacture  of  cement  as  chemical  composition, 
temperature  of  burning,  fineness  of  grinding,  and  rate  of  setting, 
influence  the  result;  nor  how  far  conditions  surrounding  its  use, 
such  as  amount  of  water,  temperature  of  air,  etc.,  affect  it.  Until 
the  influence  of  these  factors  has  been  determined  it  will  not  be 
possible  to  make  intelligent  progress  towards  lessening  the  volume 
changes  and  increasing  the  reliability  of  structures  containing 
Portland  cement.  The  subject  is  of  such  importance  as  to  merit 
most  thorough  investigation  from  both  the  chemical  and  mechanical 
side  on  a  larger  scale  than  has  yet  been  attempted. 

Conclusions. 

Concrete  hardening  in  a  moist  place  and  remaining  continually 
moist  throughout  its  life  expands  slightly,  but  the  compressi\e 
stress  developed  in  the  concrete  is  probably  not  large  enough  to  be 
injurious. 

Concrete  hardening  in  air  and  remaining  continually  dry 
contracts.  The  contraction  is  roughly  twice  as  much  as  the 
expansion  of  concrete  continually  damp.  This  greater  stress  is 
harmful  not  only  on  account  of  its  magnitude  but  because  it  puts 
the  concrete  in  tension,  where  it  is  weakest.  It  introduces  an 
error  of  unknown  magnitude  into  the  calculations  for  all  reinforced 
beams.  It  is  resj>onsible  for  the  cracks  in  the  top  coat  of  interior 
cement  floors.  Fortunately  most  of  the  bad  eflfects  become  evident 
within  three  months. 

Cement  sidewalks,  pavements,  and  stuccos  exposed  to  the 
weather  contract  when  dry  and  expand  when  wet.    The  richer  the 
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mixture  is  in  cement,  the  greater  is  the  volume  change,  so  that 
there  is  a  differential  expansion  between  the  top  coat  and  base  of 
sidewalks  which  is  often  sufficient  to  split  the  two  apart.  So  also 
rich  stucco  may  be  split  from  brick.  In  damp  climate  irregular 
expansion  occurs  apparently  for  as  long  as  twenty  years.  Its 
harmful  effects  may  not  appear  for  many  years.  Large  expansion 
joints  are  necessary  in  sidewalks  and  pavements. 

Rich  stuccos  will  inevitably  crack  through  expansion  and 
contraction  and  may  be  ruined.  The  few  experiments  made 
indicate  that  integral  waterproofing  compounds  do  not  prevent  or 
lessen  the  changes  in  volume.  The  only  safety  seems  to  lie  in  the 
use  of  lean  mixtures  whose  volume  change  is  slight.  A  stucco  coat 
is  inadequate  as  a  protection  for  metal  lath.  If  it  is  rich  enough  to 
keep  water  out  it  will  crack.  If  it  is  lean  enough  to  avoid  the 
cracks  water  will  go  through  it  freely.  In  a  dry  climate  the  ten- 
dency is  for  sidewalks  and  stuccos  to  shrink  more  than  they  expand. 
Under  these  circumstances  they  will  be  much  more  durable,  and 
because  of  the  slower  corrosion  stucco  may  be  permissible  as  a 
protection  for  wire  lath. 


DISCUSSION. 


Mr.  Humphrey.  Mr.  R.  L.  HUMPHREY. — Mr.  Chairman,  I  should  like  to 

compliment  Mr.  White  on  the  extremely  interesting  work  that 
he  is  doing.  I  have  had  the  good  fortune  to  visit  the  University 
of  Michigan  and  have  seen  this  work  and  that  upon  related  lines. 
One  cannot  but  be  impressed  by  the  somewhat  startling  results 
stated  in  this  paper.  If  these  statements  were  to  be  taken 
in  a  strict  sense  I  am  afraid  we  should  all  become  deserters  of 
concrete. 

I  should  like  to  make  a  few  remarks  on  some  of  the  points 
made  by  Mr.  White,  referring  first  to  the  concrete  in  Boston 
harbor.  I  have  inspected  the  wall  mentioned  by  Mr.  White,  and 
after  a  careful  examination  of  the  work,  and  an  interrogation  of 
the  men  responsible  for  its  construction,  I  learned  that  the  failure 
was  the  result  of  bad  workmanship.  I  believe  that  is  a  matter 
of  record  in  the  Bureau  of  Yards  and  Docks.  The  concrete  was 
very  badly  made.  Its  permeation  by  sea  water,  coupled  with 
the  action  of  the  frost  in  winter,  caused  the  sloughing  off  of  the 
concrete.  If  the  theory  advanced  by  Mr.  White  to  explain  such 
failures  is  true,  then  we  should  apparently  expect  similar  failures 
in  other  concrete  walls  under  similar  conditions;  but  we  do  not 
find  that  to  be  the  case.  It  has  been  my  good  fortune  to  visit 
the  principal  concrete  works  not  only  in  this  country  but  in 
Europe;,  and  it  is  the  conclusion  of  everyone  I  have  interviewed 
who  has  had  much  of  that  work  to  do,  and  of  those  who  have 
had  charge  of  investigations  of  the  effect  of  sea  water  on  concrete, 
that  when  concrete  is  projjerly  made  and  of  the  requisite  density, 
it  is  not  materially  affected,  if  at  all,  by  the  action  of  sea  water. 
It  is  certainly  a  fact  that  there  is  no  evidence  of  disintegration 
under  such  conditions. 

There  is  no  doubt  that  the  question  of  expansion  and  con- 
traction has  a  vital  effect  on  our  concrete  structures;  and  it 
seems  to  me  that  one  phase  of  this  matter  might  be  further  dovol- 
opcd  by  Mr.  White  if  he  would  take  a  larger  mass.  These  little 
specimens  are  about  an  inch  in  section  and  about  four  inches 
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long,  and  those  who  have  experimented  on  the  penetration  Mr.  Humphrey, 
of.  water  know  that  water  will  penetrate  through  such  small 
masses,  and  the  effect  of  the  water  penetrating  a  small  mass  will 
by  very  much  greater  than  if  the  mass  were  of  larger  size.  There- 
fore, while  these  laboratory  experiments  are  interesting  they 
require .  to  be  borne  out  by  tests  on  larger  test  pieces  before 
the  results  should  be  accepted. 

There  is  no  doubt  as  to  the  fact  that  troweling  the  surface 
and  thus  producing  a  dense  skin  of  greater  strength  perhaps 
than  the  material  underneath,  would  cause  the  concrete  to  be 
less  affected  by  the  action  of  moisture;  but  temperature  stresses 
would  nevertheless  arise.  The  net  effect  is  due  to  a  combination 
of  several  causes. 

Mr.  a.  S.  Cushman. — I  think  that  this  is  the  most  inter-  Mr.  Cushman. 
esting  paper  and  discussion  which  I  have  heard  for  a  long 
time.  It  opens  up  a  very  attractive  line  of  research.  We  are 
all  familiar  with  changes  of  volume  from  expansion  and  con- 
traction under  temperature  conditions,  but  here  we  are  discuss- 
ing changes  in  volume  of  very  considerable  magnitude  under 
the  influence  of  wetting  and  drying.  Now  we  all  know  that 
there  is  considerable  doubt  about  the  reason  for  the  setting  of 
Portland  cement.  There  have  been  a  great  many  explanations 
offered,  none  of  which  are  entirely  satisfactory.  Here  we  have 
a  plain  case  of  expansion  of  set  concrete  when  it  is  wet.  Now 
what  can  it  be  that  expands  after  soaking  in  water?  It  is  cer- 
tainly not  the  sand ;  for  we  know  that  sand  grains  do  not  expand 
on  wetting.  It  certainly  cannot  be  crystalline  bodies  in  the 
cement  mass  because  crystalline  bodies  do  not  expand  when  they 
are  wet  with  water.  It  is  characteristic  of  colloids  that  when 
they  are  wet  with  water  they  expand;  when  they  dry  out  again 
they  contract.  Some  years  ago  while  I  was  studying  the  plas- 
ticity of  clays  and  the  action  of  water  on  rock  powders,  I  noted 
tliat  when  materials  like  plastic  clays  are  in  an  air-dry  condition 
and  are  put  into  moist  atmospheres,  they  absorb  water  and  gain 
in  weight.  If,  however,  these  clays  are  first  heated  gently  in  a 
hot-air  bath  at  a  temperature  of  say  100°  F.,  they  to  some  extent 
lose  the  power  of  absorbing  water.  I  further  noted  that  successive 
heatings  of  the  same  sample  of  clay  reduced  the  power  of  absorb- 
ing water  and  losing  it  again  on  air  drying.     By  continuing  the 
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Mr.  Cushman.  heat  to  a  Certain  critical  temperature  which  was  far  below  the 
clinkering  point  the  absorbent  property  of  the  clay  could  be 
quickly  destroyed,  due  to  the  destruction  of  the  colloids.  This 
was  also  found  to  apply  in  the  case  of  rock  powders.  I  found 
that  a  rock  powder  that  had  been  ground  wet  produced  a 
condition  of  the  powder  that  enabled  it  to  absorb  water  in  a 
moist  atmosphere,  and  lose  it  again  in  a  dry  atmosphere;  but 
if  this  same  wet  ground  rock  powder  were  heated  in  an  air  bath 
to  some  critical  temperature  it  entirely  lost  the  power  of  absorb- 
ing, and  losing,  and  reabsorbing  moisture. 

I  reached  the  conclusion  which  I  then  published,  that  the 
cementing  value  of  rock  dust  in  road  building  and  in  other  ways 
was  due  to  the  formation  of  colloidal  decomposition  products 
under  the  action  of  water. 

Now,  if  I  am  right  in  applying  these  observations  to 
the  theoretical  discussion  of  the  subject  before  us,  it  should 
be  possible  to  put  the  problem  to  a  critical  test.  Why  not  take 
these  test  bars  and  heat  them  in  an  air  bath  or  oven  to  various 
temperatures,  and  then  measure  the  expansion  and  contraction 
from  alternate  wettings  and  dryings?  If  the  theory  holds,  we 
should  by  heating  reduce  the  power  of  expanding  when  wet 
and  contracting  when  dry.  In  short  we  have  a  simple  means 
of  submitting  to  critical  experimental  examination  a  theory 
that  has  a  very  broad  application  to  a  number  of  industrial 
problems. 

I  am  particularly  interested  in  this  subject  from  the  theoret- 
ical point  of  view,  but  from  the  engineer's  point  of  view  it  is 
also  important.  We  know  that  colloids  once  formed  are  not 
going  to  last  forever.  That  is  to  say,  old  concrete  is  undoubtedly 
not  so  rich  in  colloidal  material  as  new  concrete.  It  will  be 
admitted,  I  think,  that  concrete  even  a  year  or  two  old  will  prob- 
ably be  richer  in  colloidal  material  than  old  concrete  that  has 
set  for  many  years  in  dry  atmospheres,  because  these  colloids 
arc  gradually  destroyed  at  considerably  lower  temperatures  than 
the  critical  temperature  I  have  spoken  of. 

This  explanation  may  apply  to  a  number  of  problems  that 
have  puzzled  us;  and  I  fully  believe  that  it  has  given  us  a  clew 
to  a  very  interesting  field  of  investigation.  It  is  possible  that 
tome  of  the  difliculty  met  with  in  concrete  work  in  arid  regions 
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may  be  explained  by  the  too  rapid  destruction  of  the  cement  Mr.  Cushman. 
colloids. 

Mr.  Humphrey. — I  should  like  to  say  a  word  in  answer  to  Mr.  Humphrey. 
Mr.  Cushman's  theory  about  trouble  with  concrete  in  the  arid 
regions.  If  that  is  really  true,  then  the  disintegration  of  concrete 
due  to  that  cause  would  be  the  same  in  Montana  as  in  Arizona,  or 
any  other  portion  of  the  arid  regions.  That,  however,  is  not  the 
case.  The  disintegration  of  concrete  by  alkalies  is  found  only 
in  certain  territories  where  the  black  alkali  is  found,  and  is  prob- 
ably due  to  the  rapid  formations  of  crystals  of  the  double  salts 
that  are  found  there,  through  rapid  evaporation.  So  I  think 
that  that  theory  cannot  be  applied  to  the  alkali  territory. 

Mr.  S.  E.  Thompson. — Measurements  of  various  walls,  Mr.  Thompson 
subjected  to  ordinary  weather  conditions  of  heat  and  moisture, 
indicate  that,  in  concrete  structures,  the  changes  in  volume  can 
be  explained  simply  by  the  expansion  and  contraction  to  be 
expected  from  the  temperature  variation.  For  example,  measure- 
ment of  the  opening  of  joints  in  a  long  retaining  wall  and,  in 
another  case,  in  a  freight  house  several  hundred  feet  in  length, 
showed  the  contraction  to  be  almost  identical  with  that  figured 
from  the  ordinary  coefficient  of  expansion.  In  ordinary  concrete 
structures  made  with  a  good  dense  mixture,  I  am  of  the  opinion 
that  no  consideration  whatever  need  be  given  to  the  swelling 
or  shrinkage  of  concrete  from  moisture  except  during  the  initial 
hardening. 

Referring  to  the  concrete  in  Boston  Harbor,  an  examination 
of  the  disintegrating  concrete  shows  that  the  water  penetrated 
entirely  through  the  mass.  Furthermore,  it  is  wet  all  the  time 
both  at  high  and  low  tide.  It  seems  scarcely  possible,  therefore, 
that  the  disintegration  can  be  caused  in  any  way  by  the  alter- 
nation from  wet  to  dry. 

Vice-President  R.W.Lesley  {in  the  Chair). — There  are  The  Chairman, 
two  thoughts  that  come  to  me  in  connection  with  this  matter. 
The  first  is  in  reference  to  stuccos.  I  do  not  know  whether 
Mr.  White  has  examined  at  all  the  modern  lime  stuccos  which 
are  applied  to  a  great  number  of  houses,  all  of  which  show  lime 
cracks.  I  do  not  know  whether  the  principle  of  colloids  will 
apply  there,  or  whether  any  experiments  have  been  made  to  de- 
termine why  that  cracking  goes  on. 
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The  Chairman. 


Mr.  Humphrey. 


Mr.  Boynton. 


Mr.  Cushman. 


Mr.  Douty. 


Mr.  White. 


Another  matter  is  in  the  line  of  Mr.  Page's  discoveries  regard- 
ing oil  concrete,  which  might  open  up  a  very  wide  field  for  further 
investigation  on  the  same  line.  Then  mortars  probably  might 
not  be  affected  by  a  change  from  dry  to  wet,  as  ordinary  water- 
proof compounds,  such  as  shown  in  one  of  these  tables. 

Mr.  Humphrey. — I  should  like  to  ask  Mr.  White  in  refer- 
ence to  the  sidewalk  question  which  he  brings  up  in  this  very 
interesting  paper,  as  to  whether  or  not  there  is  any  information 
available  as  to  the  character  of  the  workmanship.  It  seems  to 
me  that  the  inference  from  the  paper  is  that  the  disintegration 
of  these  sidewalks  was  due  entirely  to  alternate  drying  and  wet- 
ting. Is  it  not  probable  that  it  may  have  been  due  in  part  to 
faults  in  workmanship? 

Mr.  C.  W.  Boynton. — I  should  like  to  have  Mr.  Cushman 
state  how  he  harmonizes  his  colloidal  theory  with  the  fact  that 
the  cement  was  burned  at  a  high  heat. 

Mr.  Cushman. — I  do  not  think  you  quite  understood  me. 
Of  course  there  is  no  colloid  in  the  cement  before  it  is  wet ;  neither 
is  there  in  an  igneous  rock  powder,  which  is  nothing  more  than 
a  material  clinkered  or  burned  by  nature;  but  when  water  acts 
on  the  cement  particles,  the  decomposition  products  appear  in  a 
colloidal  form.  There  is  no  colloidal  material  in  the  burned 
cement,  but  there  is  colloidal  material  formed  after  water  acts 
upon  the  cement.  There  seems  to  be  a  growing  consensus  of 
opinion  that  the  set  of  Portland  cement  is  due  to  the  formation 
oS  colloidal  material  and  the  reinforcement  of  the  colloidal 
material  by  crystalline  substances.  Calcic  hydroxide,  and  also 
probably  monocalcic  silicate,  are  the  crystalline  substances 
formed  during  the  hardening  processes.  Much  remains,  how- 
ever, unexplained  in  regard  to  the  reactions  which  cause  the 
hardening  of  cement  mortars. 

Mr.  D.  E.  Douty. — I  should  like  to  ask  Mr.  White  how  he 
measures  the  changes  in  lengths. 

Mr.  a.  H.  White. — Several  questions  have  been  asked 
me  and  I  shall  endeavor  to  reply  to  them  in  their  order,  but 
I  wish  to  say  first  that  the  change  in  length  was  measured 
by  a  micrometer  which  was  designed  by  Mr.  Campbell  of  tiie 
University  of  Michigan,  reference  to  which  you  will  find  in  the 
paper.    It  is  quite  a  simple  one,  and  wc  find  that  it  is  extremely 
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accurate.     It  is  also  due   to   Mr.   Campbell  to  say  that  he  Mr.  wwte. 
perfected  another  device  for  inserting  glass  plates  in  the  expan- 
sion bars  which  obviates  a  great  deal  of  the  difficulty  in  making 
expansion  measurements  of  this  kind. 

With  regard  to  the  suggestion  of  Mr.  Humphrey  that  we 
ought  to  try  it  out  on  a  larger  scale,  of  course  we  ought;  I  hope 
we  will.  But  it  takes  a  great  deal  of  time  and  a  considerable 
means.    I  hope  that  we  shall  get  to  it  eventually. 

In  regard  to  Mr.  Cushman's  colloidal  theory,  I  agree  with 
him  entirely  that  it  is  almost  certainly  colloidal  action  that  is 
responsible  for  the  changes  in  volume  discussed  here.  I  pur- 
posely omitted  all  theoretical  discussion  from  the  paper,  because 
I  wanted  to  focus  attention  on  the  practical  features,  and  the 
theoretical  discussion  will  appear  at  some  other  time. 

Mr.  W.  M.  Kinney. — Mr.  White  made  a  statement  with  Mr.  Kinney, 
reference  to  a  sidewalk  or  a  section  of  a  sidewalk  at  the  Univer- 
sity of  Michigan  which  did  not  show  satisfactory  results,  in  which 
he  found  that  expansion  took  place.  Now  it  is  a  very  simple 
thing  to  obtain  a  lot  of  samples  from  sidewalks  that  are  entirely 
satisfactory  and  that  have  been  in  place  for  the  same  length  of 
time.  Therefore  I  should  like  to  ask  whether  Mr.  White  has 
made  any  tests  to  determine  if  the  expansion  in  the  samples  of 
satisfactory  sidewalks  was  less  than  in  the  case  of  the  walk  that 
failed;  similarly  with  regard  to  stucco. 

Mr.  White. — I  have  one  sample  that  I  got  from  a  sidewalk  Mr.  White, 
that  was  entirely  good,  approximately  twenty  years  old,  but  which 
had  not  been  laid  in  as  long  lengths  as  the  other  walk,  so  that 
there  was  no  failure  due  to  expansion.  The  particular  point 
which  interested  me  was  that  the  contraction  of  the  base  and  the 
contraction  of  the  top  are  almost  identically  the  same  in  spite 
of  the  fact  that  the  top  contained  only  fine  sand  and  was,  I 
presume,  very  much  richer  than  the  base.  I  do  not  know  how 
to  explain  this  fact. 

Mr.  Humphrey  has  asked  whether  the  workmanship  on  the 
original  walk  was  good.  I  was  not  there,  but  it  was  laid  by  the  Uni- 
versity's own  workmen  and  no  doubt  it  was  put  in  as  well  as  they 
knew  how.  I  know  that  it  was  laid  without  any  expansion  joints 
the  entire  quarter  of  a  mile.  The  peculiar  thing  about  it  is  that 
upheavels  due  to  expansion  still  persist  after  twenty  years. 

36 
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Mr.  Cushman.  Mr.  Cushman. — I  should  like  to  Say  a  word  on  this.     We 

must  not  lose  sight  of  the  fact  that  expansion  and  contraction 
is  continually  going  on  in  cement  sidewalks,  a  great  deal  of  which 
has  nothing  to  do  with  the  particular  point  on  which  we  now 
have  our  attention  focused.  Temperature  changes  ranging 
between  the  extreme  below-zero  temperatures  of  winter  and  the 
maximum  summer  heat  of  120°  to  130°  F.,  will  produce  contrac- 
tion and  expansion.  In  addition  to  these  there  is  the  diurnal 
expansion  and  contraction  due  to  the  sun  shining  on  the  walk 
by  day  and  its  cooling  down  at  night.  But  we  must  not  con- 
found these  temperature  effects  with  the  one  which  we  are  now 
discussing,  namely,  the  expansion  and  contraction  due  to  alternate 
wetting  and  drying. 

Mr.  Humphrey.  Mr.  HUMPHREY. — I  do  not  Want  to  dwell  too  much  on  this 

sidewalk  question,  but  I  think  that  inasmuch  as  two  practical 
examples  were  cited  as  possible  examples  illustrating  this  theory, 
it  should  be  brought  out  clearly  that  there  is  no  evidence  that 
this  expansion  and  contraction  which  Mr.  White  has  observed 
accompanying  the  alternate  wetting  and  drying,  was  the  absolute 
cause  of  the  failure  of  the  sidewalks  mentioned.  There  are 
many  good  sidewalks  all  over  the  country  laid  by  skilled  workmen 
that  do  not  show  those  effects.  It  seems  to  me  that  the  work- 
men may  have  been  lacking  in  skill,  although  conscientiously 
trying  to  do  good  work,  and  that  the  failure  might  have  been 
due  to  bad  workmanship  and  is  not  explainable  directly  on  the 
theory  advanced. 


THE  EXPANSION  AND   CONTRACTION  OF 
CONCRETE  WHILE  HARDENING. 

By  A.  T.  GoLDBECK. 

Although  it  is  understood  in  a  general  way  that  concrete  upon 
hardening  in  the  air  exhibits  shrinkage  and  that  when  kept  moist 
this  shrinkage  is  either  decreased  or  changed  to  expansion,  pub- 
lished quantitative  results  in  connection  with  these  phenomena  are 
very  meager.  Numerous  measurements  have  been  taken  on  neat 
cements  and  mortars  with  the  use  of  the  Bauschinger  or  similar 
apparatus,  but  the  amount  of  expansion  and  contraction  of  concrete 
mixtures  is  less  definitely  known.  The  problem  of  the  shrinkage 
of  concrete  being  considered  of  importance  in  connection  with  the 
study  of  the  development  of  cracks  in  concrete  pavements  and 
roadways,  the  present  series  of  measurements  were  undertaken 
under  the  direction  of  Mr.  Logan  A\'^aller  Page,  in  the  testing 
laboratory  of  the  Office  of  Public  Roads,  United  States  Department 
of  Agriculture,  to  determine  the  amount  of  this  contraction. 

Materials. — All  concrete  mixtures  were  proportioned  by 
weight,  the  materials  being  "Old  Dominion"  Portland  Cement, 
river  sand  and  crushed  gneiss.  The  cement  passed  the  specifica- 
tions pf  this  Society.  Mechanical  analyses  of  the  sand  and  stone 
used  are  given  below: 

Sand.  Stone. 

Sieve  Per  cent.  Sieve  Per  cent, 

retained.  retained. 

i-in 3  f-in 28.4 

i  " II  i  " 66.3 

No.     10 17  \  " 92. 1 

20 42  \  " 98.4 

30 66 

40 87 

50 93     . 

80 96 

100 99 

The  sand  contained  37  per  cent,  of  voids;  the  stone  43  per  cent. 
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Specimens. — ^The  specimens  were  made  8  ins.  in  cross  section 
and  5  ft.  long,  and  were  molded  as  columns  so  that  one  end  would 
be  absolutely  free  to  expand  and  contract,  due  to  any  cause. 
Concrete  of  very  wet  and  of  very  dr)'  consistency  was  used,  mixed 

in  proportions  of  i  :  2  '.4  and  i  :  3  :  6. 
The  specimens  of  very  dry  consistency 
required  hard  tamping  to  consolidate 
the  concrete  in  the  mold,  while  those 
of  wet  consistency  were  made  by 
simply  puddling  the  mixture  into  place. 
The  amount  of  water  used  for  the  dry 
mixtures  was  8.5  per  cent,  of  the  weight 
of  the  dry  materials.  For  the  wet 
mixtures  from  10  to  12  percent,  was 
used. 

Measuring  Apparatus. — In  order 
to  measure  the  expansion  and  con- 
traction, h-'m.  scpiare  bars  11  ins.  long 
were  molded  in  the  specimens,  at  a 
distance  of  50  ins.  a])art.  Upon  re- 
moval of  the  wooden  molds,  these  bars 
projected  ij  ins.  on  each  side  of  the 
specimens,  and  to  each  of  them  two 
steel  plugs,  I  in.  in  diameter  and  hav- 
ing slightly  rounded  conical  i)oints, 
were  fastened.  Hctwecn  these  points 
measurements  were  taken  b\-  means 
of  a  Hrown  &  Sharpe  micrometer 
head,  fastened  to  one  end  of  a  rec- 
tangular steel  frame,  consisting  of  two 
long  bars  }  in.  in  diameter  connected 
by  transverse  end  blocks.  One  of 
these  blocks  carried  the  micrometer  head  while  the  other  block 
carried  a  square-ended  steel  plug.  For  ease  of  manipulation,  tlu> 
micrometer  head  at  one  end  and  the  plug  at  the  other  end  of  the 
frame  were  surrounded  by  hard  rubber  guide  collars^  which  served 
to  maintain  the  frame  in  i)osition  while  readings  were  being  taken. 
Electric  contact  was  used  during  the  early  part  of  the  tests,  a 
trh-t.lw.ne  receiver  being  placed  in  circuit.     With  this  apparatus, 


Fio.  I. — Contraction  Speci- 
men with  Measuring  Ap- 
paratus Attached. 
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readings  could  be  taken  checking  each  other  to  o.oooi  in.  As  the 
tests  progressed,  it  was  found  that  by  careful  handling  of  the 
micrometer  it  was  not  necessar}-  to  use  the  electric  contact.  A 
specimen  with  the  measuring  apparatus  attached  is  shown  in  Fig.  i. 

The  initial  readings  on  all  specimens  were  taken  as  soon  as 
the  concrete  had  hardened  sufficiently  to  remove  the  molds. 
At  the  same  time  the  temperature  of  the  air  in  the  vicinity  of  the 
specimens,  and  that  of  the  specimens,  were  taken.  The  tempera- 
ture of  the  specimens  was  obtained  by  inserting  a  thermometer  in 
a  small  hole  molded  in  the  concrete,  that  of  the  air  being  read  from 
a  thermometer  hung  alongside  of  the  specimen.  Before  taking  any 
readings,  the  micrometer  was  read  on  a  gage  bar  of  constant 
length.  In  this  way,  errors  due  to  disturbance  of  the  micrometer 
head  in  the  frame  or  to  wear  in  the  micrometer  screw  were  elim- 
inated. All  the  readings  were  reduced  to  20°  C.  so  that  the  plotted 
deformations  represent  those  due  to  changes  other  than  temperature 
changes. 

Storage. — Specimens  195,  288,  272,  and  271  were  not  moistened 
from  the  date  they  were  made,  but  were  simply  allowed  to  dry  out 
in  the  air,  the  temperature  of  which  varied  from  about  20°  to 
29°  C,  the  average  being  about  24°.  Specimens  278,  236,  277, 
and  248  were  enveloped  in  a  double  thickness  of  burlap  which  was 
kept  moist  by  sprinkling  twice  a  day  for  a  period  of  about  15  days. 
Specimen  284  was  likewise  covered  with  burlap  and  kept  moist 
continuously. 

Results  of  Measurements. — Referring  to  the  cun'es,  Fig.  2,* 
it  will  be  seen  that  the  specimens  which  were  allowed  to  dr}-  out 
immediately  after  molding  began  to  shrink  almost  from  the  day 
they  were  made,  although  the  very  wet  mixtures  for  the  first  few 
days  showed  a  tendency  towards  slight  expansion,  amounting  to 
about  0.00005  ^^'  (^ot  plotted). 

The  rate  of  shrinkage  of  the  dr)'  mixtures  is  very  slightly 
higher  at  earlier  periods  than  thai  of  the  wet  mixtures.  There  is, 
however,  ver)^  little  difference  between  the  shrinkage  of  the  differert 
mixtures  except  that  the  contraction  of  the  wet  specimens  is 
delayed.  The  unit  contraction  of  the  oldest  specimen.  No.  195, 
of  very  dry  mixture,  is  0.00052  in.  at  the  age  of  3  months,  and  the 
rate  of  contraction  after  this  age  is  very  small.     The  contraction 

♦Acknowledgment  is  made  to  the  Engineering  Record  for  the  cut  of  Fig.  2. — Ed. 
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cun-es  of  the  other  mixtures  follow  closely  along  that  of  No.  195, 
as  far  as  readings  have  been  taken.  These  results  indicate  that 
the  approximate  contraction  of  concrete  of  the  proportions  and 
consistencies  ordinarily  used  is  0.05  per  cent,  at  the  age  of  3  months. 
Assuming  the  coefficient  of  expansion  of  concrete  to  be 
0.0000055  per  degree  Fahrenheit,  a  value  obtained  by  Professor 
Norton  and  others,  the  fall  in  temperature  of  concrete  required  to 
produce  the  same  contraction  as  that  caused  by  drying  out  is 
0.0005-^-0.0000055=91°  F. 
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Fio.  2. — Expansion  and  Contraction  of  Concrete  while  Hardening. 

If  the  ends  of  a  concrete  construction  were  confined,  the 
tensile  stress  produced  by  shrinkage  would  equal  2,000,000  mul- 
tiplied by  0.0005,  or  1,000  lbs.  per  sq.  in.,  the  value  of  the  modu- 
lus of  elasticity  of  concrete  in  tension  being  assumed  at  2,000,000 
lbs.  j)cr  sq.  in.  Since  the  tensile  strength  of  concrete  varies  from 
only  100  to  200  lbs.  per  sq.  in.,  under  ])ropcr  conditions,  cracks  due 
to  shrinkage  should  occur  long  before  the  end  of  3  months.  In  fact 
shrinkage  cracks  should  develop,  under  the  conditions  to  which 
these  si>ccimens  were  subjected,  during  the  first  few  days  of  curing. 

The  s|)ccimens  which  were  ke|)t  moist  for  15  days  (Nos.  278, 
238,  277,  and  248)  showed  expansion  as  long  as  they  were  wet. 
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However,  as  soon  as  they  were  allowed  to  dry  out  contraction  began. 
The  indications  are  that  dry  mixtures  are  more  sensitive  to  expan- 
sion upon  being  moistened  than  are  the  wet  mixtures.  The 
amount  of  expansion  is,  however,  quite  small,  reaching  as  a  maxi- 
mum approximately  o.oooi  in,  per  inch  of  length.  This  corre- 
sponds to  a  compression  of  200  lbs.  per  sq.  in.,  assuming  confined 
ends  and  a  modulus  of  elasticity  of  2,000,000.  It  will  be  seen  that 
the  rate  of  shrinkage  of  the  moistened  specimens,  when  allowed  to 
dry  out,  approximates  that  of  the  air-cured  specimens,  so  that  one 
of  the  effects  of  moistening  the  concrete  for  the  first  few  days  is  to 
delay  the  shrinkage.  It  is  probable  that  ultimately  the  amount  of 
contraction  of  both  air-  and  water-cured  specimens  will  be  identical. 
Referring  to  the  curve  for  Specimen  284,  which  was  kept  in  a 
moistened  condition  continuously,  it  will  be  seen  that  although 
this  specimen  does  not  expand  progressively,  an  expansion  is 
maintained  up  to  the  date  of  the  last  measurement. 

It  was  noted  during  the  progress  of  the  measurements  that 
specimens  which  were  allowed  to  dry  out  and  were  accidently 
moistened  by  heavy  rains,  expanded,  showing  by  actual  measure- 
ment that  concrete  behaves  very  much  like  timber,  swelling  when 
moistened  and  contracting  upon  drying. 

Conclusions. 

1.  Concrete  upon  hardening  in  air  contracts. 

2.  When  kept  moistened  during  the  setting  process,  concrete 
expands  and  if  allowed  to  dry  out  after  a  small  initial  period  of 
water  curing,  it  will  then  contract. 

3.  The  contraction  of  mixtures  of  wet  consistency  is  delayed 
somewhat  beyond  those  of  dry  consistency. 

4.  The  amount  of  contraction  of  air-cured  concrete  is  influ- 
enced very  little  by  the  proportions  or  consistency  of  the  mixture. 

5.  For  practical  purposes  the  maximum  contraction  of  air- 
cured  concrete  seems  to  be  reached  at  the  age  of  3  months  and 
equals  approximately  0.05  per  cent. 

6.  If  moistened  after  drying  out,  concrete  will  expand. 

7.  It  is  probable  that  the  shrinkage  of  concrete,  under  condi- 
tions which  do  not  interfere  with  its  rapid  dr^'ing  out,  is  a  far  more 
potent  factor  in  the  formation  of  cracks  than  contraction  due  to 
external  temperature  changes. 


DISCUSSION. 


Mr.  Berry.  Mr.  H.  C.  Berry. — At  the  request  of  Mr.  Goldbeck  we 

made  some  observations  on  two  samples  of  the  Gneiss  used  as 
an  aggregate  in  the  concrete  from  which  his  expansion  speci- 
mens were  made.  For  this  purpose  the  Bauschinger  apparatus 
belonging  to  the  Lesley  Cement  Laboratory  of  the  University 
of  Pennsylvania  was  used.  The  samples  of  stone  were  dressed 
to  accommodate  the  range  of  the  apparatus,  about  2  by  2  by  10 
cm.  Instead  of  using  metal  contact  points  at  the  end,  center 
drill  marks  were  made  in  each  end.    The  results  were  as  follows: 

Table  I. — Unit  Change  of  Length  of  Gneiss  Stone. 
(Bauschinger  Apparatus). 

Sample  No.  i .  Sample  No.  2. 

Storage.  Total  Unit  Total  Unit 

Contraction.  Contraction. 

33  days  in  water 0.00025  0.00031 

3     "    at  150°  F 0.00030  0.00045 

7     "     "     70"  F 0.000375  0.00045 

26     "     "     70°  F. 0.000635  0.00053 

131     "     "     70°  F 0.000365  0.00025 

Weight  decreased  0.06  per  cent,  but  remained  constant  from  26  to  131 
days. 

When  Mr.  Goldbeck  found  the  contraction  of  the  concrete 
to  be  greater  than  expected,  he  suggested  that  we  test  some 
mortar  sp)ecimens  in  order  to  compare  the  results  with  those 
obtained  for  concrete.  Accordingly  we  made  up  specimens  of  neat 
cement,  and  i  :  2  and  i  :  3  mortar  with  both  Ottawa  standard 
sand  and  the  bar  sand  used  in  concrete  work  about  Philadelphia, 
thirty  in  all.  As  the  results  agree  very  closely  with  those  given 
in  the  paper  by  Mr.  White,*  only  the  average  total  change  for 
each  mortar  for  a  period  of  four  months  is  reported  in  Table  II. 
For  the  early  periods,  the  specimens  stored  in  water  showed 
slight  expansion,  as  indicated  on  the  curves  given  by  Mr.  White. 
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A  comparison  of  the  values  above  with  those  on  the  curves  Mr.  Berry, 
given  by  Mr.  Goldbeck  indicates  that  cement  mortar  stored 
in  air  contracts  about  five  times  as  much  as  concrete,  while 
when  it  is  stored  in  water  the  contraction  is  about  the  same  as 
for  concrete  kept  in  air.  The  sand  mortars  show  approxi- 
mately the  same  results  as  concrete  when  both  are  stored  in  air. 
It  is  also  seen  that  mortars  stored  in  water  suffer  less  contraction 
than  those  stored  in  air,  the  ratio  being  about  one  to  three. 

This  agrees  with  the  indications  from  Mr.  Goldbeck's  curves 
that  concrete  which  is  kept  wet  contracts  much  less  in  hardening 
than  that  which  is  allowed  to  dry  out. 

Some  advance  reports  of  the  very  large  contraction  observed 
by  Mr.  Goldbeck  together  with  the  fact  that  the  two  labora- 
tories had  quite  dififerent  aggregates,  led  us  to  make  a  few  speci- 

Table  II. — Average  Unit  Change  in  Length  of  Mortar  Specimens 
AT  Four  Months.    Giant  Cement. 

Kind  of  Mortar.  Stored  in  Air.  Stored  in  Water. 

Neat  cement o .  0026  (contraction) .  o .  0006  (contraction) . 

f  Standard  sand 0.0017  "  0.0006 

^■^(Barsand 00009  "  o  0001 

f  Standard  sand 00014  "  0.0006 

"  ■  "^  I  Bar  sand o .  0009  "  o .  0004  " 

mens  of  concrete  for  observation  of  changes  during  hardening. 
Our  six  specimens  difi"ered  from  those  of  Mr.  Goldbeck  in  being 
9  instead  of  8  ins.  square,  and  in  having  20-in.  instead  of  50-in. 
gage  length.  The  measuring  apparatus  is  of  about  the  same 
degree  of  sensitiveness,  but  of  very  different  type.  We  took 
measurements  on  the  four  sides  of  the  specimens  while  he  read 
on  two  opposite  sides  only. 

Two  of  the  specimens  were  of  i  :  2  :  4  concrete  made  with 
Giant  Portland  cement,  bar  sand  and  if-in.  trap  rock,  crusher 
run.  Two  were  of  i  :  2I  :  5  concrete  using  the  same  materials. 
One  of  each  was  allowed  to  harden  in  air  in  the  laboratory  and 
the  other  completely  submerged  in  a  large  tank  of  water.  Later 
we  made  two  specimens  of  1:2:4  concrete  with  Universal 
Portland  cement  and  the  same  aggregates  as  the  others.  All 
the  concrete  was  mixed  wet  and  troweled  into  the  molds. 

Since  the  temperature  of  the  laboratory  did  not  vary  more 
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Mr.  Berry,  than  fouF  OF  five  degrees  at  the  time  the  readings  were  made,  no 
temperature  corrections  have  been  made  in  working  up  the 
observations.  The  change  in  the  temperature  of  the  water 
of  the  storage  tank  was  less  than  four  degrees. 

The  initial  observations  were  made  within  i8  hours  after 
casting  the  specimens;  on  two  of  them  within  4  hours.  While 
consistent  observations  were  made  each  day  for  a  considerable 
time,  only  the  changes  after  5,  10,  30,  and  150  days  are  reported 
in  Table  III.  The  latter  were  checked  by  observations  2  days 
apart. 

Table  III. — Unit  Change  in  Length  of  Concrete  Specimens. 

(a)  1:2:4  Concrete. 

Age.  Stored  in  Air.  Stored  in  Water. 

(3  specimens.) 

5  days 0.00003  (contraction.)   0.0000 10  (expansion.) 

0.00006      " 
0.000055 

10  "  0.000047     "        0.000007  (contraction.) 

30  "  0.000091      "        0.000093  (expansion.) 

0.000180     " 
0.000195     " 

150  "  0.000220     "       0.000200  (expansion.) 

0.000220      " 
0.000250      " 

ib)   I  :  2i  :  5  Concrete. 

5  "  0.000002  (contraction.)  0.000006  (expansion.) 

10  "  0.000025  "  0.000026  " 

30  "  0.000088  "  0.000073  " 

150  "  0.000170  "  0.000020  " 

These  results  are  considerably  smaller  than  those  obtained 
by  Mr.  Goldbeck.  It  would  require  a  change  of  about  ;iS°  F. 
to  cause  a  change  in  length  equivalent  to  that  noted  above  for 
1:2:4  concrete  kept  in  air.  This  would  induce  a  stress  of 
about  500  lbs.  per  .sq.  in.,  assuming  the  specimen  rigidly  held  at 
the  ends,  and  using  the  usual  value  of  the  modulus  of  elasticity. 
The  expansion  noted  is  greater  than  that  rej)()rti'd  by  Mr.  Ciold- 
bcck.  This  may  in  part  be  due  to  the  fact  that  the  sj>«'  Imcus 
were  immersed  continually. 
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Mr.  R.  J.  Wig. — I  should  like  to  ask  Mr.  Goldbeck  if  the  Mr.  Wig. 
concrete  would  expand  if  it  were  immersed  in  water,  after  storage 
in  air? 

Mr.  a.  T.  Goldbeck. — Judging  from  the  way  the  speci-  Mr.  Goldbeck. 
mens  that  were  kept  moist  behaved,  I  think  there  would  be 
an  expansion,  although  I  have  not  made  any  measurements 
of  that  kind.  I  have  not  actually  immersed  the  concrete  in 
water;  the  specimens  that  I  kept  moist  were  simply  wrapped 
in  a  double  thickness  of  burlap,  and  the  burlap  kept  moist.  I 
have  every  reason  to  believe  that  the  concrete  within  the  burlap 
was  moist. 

Mr.  Wig. — What  I  should  like  to  know  is  whether  the  con-  Mr.  Wig. 
Crete,  after  storage  in  air  for  say  one  hundred  days,  would 
expand  if  placed  in  water. 

Mr.  Goldbeck. — During  the  progress  of  the  test  of  Speci-  Mr.  Goldbeck. 
men  236  I  noticed  that  after  a  heavy  rain  which  thoroughly 
wet  the  specimen,  it  became  slightly  longer  than  it  was  before 
the  rain.     This  would  seem  to  indicate  that,  upon  wetting  con- 
crete which  has  become  dry,  an  expansion  will  take  place. 


SOME    EXPERIMENTS  ON  THE  INCRUSTATION 
AND  ABSORPTION  OF  CONCRETE. 

By  A.  O.  Anderson. 

A  few  years  ago,  when  the  controversy  between  the  makers 
of  cement  and  clay  drain  tile  was  at  its  height,  one  of  the  objections 
raised  to  the  use  of  cement  drain  tile  was  the  formation  of  incrusta- 
tions, the  continued  growth  of  which  it  was  claimed  would  event- 
ually cause  the  stoppage  of  the  drain.  Two  instances  were  cited 
in  which  incrustations  were  actually  forming  in  Iowa  drains,  one 
being  in  Calhoun  County  and  the  other  in  Palo  Alto  County.  An 
examination  of  the  tile  from  both  places  was  made  by  the  Engineer- 
ing Experiment  Station  of  the  Iowa  State  College,  which  showed 
the  incrustations  to  consist  of  particles  of  earth  and  sand  cemented 
with  calcium  carbonate.  The  writer,  upon  making  an  examina- 
tion of  the  incrustations  and  the  conditions  under  which  they  were 
forming,  found  that  although  these  conditions  seemed  dissimilar, 
yet  they  were  sufficiently  alike  that  the  explanation  of  the  one 
growth  would  do  for  the  other. 

The  Calhoun  County  drain  is  of  twenty-inch  and  smaller  tile, 
the  incrustations  occurring  in  the  large  tile  near  the  outlet.  These 
tile  were  installed  in  the  trench  about  two  years  before  they  had  a 
free  outlet,  since  the  construction  of  the  dredge  ditch  into  which 
they  discharge  was  two  years  late  in  reaching  the  tile  drain  outlet; 
and  during  this  time  the  tile  were  constantly  submerged  in  water 
ranging  from  three  to  seven  feet  in  depth.  The  drain  was  located 
in  a  natural  draw  which  took  care  of  the  discharged  surface  water, 
thus  allowing  the  water  in  the  drain  to  become  almost  stagnant. 
The  tile  at  the  Palo  Alto  County  drain  had  not  been  installed  but 
had  been  distributed  along  the  line  of  the  drain  in  the  winter. 
When  si)ring  came,  the  tile  sank  through  the  sloughs  into  bodies  of 
water  which,  during  the  greater  portion  of  the  year,  were  stagnant. 
Other  trouble  having  developed  with  this  drain  the  tile  were 
allowed  to  remain  several  years. 

The  Calhoun  County  tile  were  hand  tamped  in  removable 
molds  which  necessitated  quite  a  dry  mixture  of  the  concrete, 
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leaving  the  surfaces  rough  and  porous.  The  other  tile  were  made 
in  a  machine  having  a  revolving  forming  head  which  troweled  the 
inner  surface  of  the  tile  very  smooth,  leaving  the  outer  surface  and 
ends  rough  and  porous.  In  both  makes  of  tile  a  rather  lean  con- 
crete was  employed,  approximately  a  1:5  mixture.  It  was  prin- 
cipally upon  the  rough  porous  surfaces  that  the  incrustations 
formed,  being  especially  prominent  in  both  instances  on  fractured 
surfaces. 

Since  the  tile  in  both  cases  were  in  stagnant  water,  and  in  one 
case  were  lying  on  top  of  the  soil,  it  did  not  seem  probable  that  the 
incrustations  were  due  to  the  solution  of  soluble  minerals  from  the 
superimposed  soil  and  their  precipitation  and  deposition  upon  the 
concrete  from  water  percolating  into  the  drain  because  of  a  cota- 
lytic  action  upon  the  dissolved  calcium  carbonate,  as  has  been 
suggested  by  some  investigators.  Neither  does  the  theory  that  they 
were  caused  by  the  solution  of  the  cement  seem  plausible,  for  one 
would  then  expect  the  concrete  to  weaken  with  age ;  such  a  weaken- 
ing would  be  most  pronounced  in  drains  having  a  free  outlet  and  a 
large  discharge,  which  has  not  been  found  to  be  the  case. 

From  obser\ations  made  upon  test  briquettes  stored  in  stag- 
nant water,  it  occurred  that  the  incrustations  of  these  tile  might  be 
due  to  the  same  cause  as  the  formation  of  the  limy  crusts  found 
floating  upon  the  water  and  the  incrustations  on  the  briquettes 
themselves.  A  number  of  specimens  were  cut  from  the  incrusted 
tile  and  from  other  tile  of  various  ages  and  conditions  for  the 
experiment.  One  set  was  placed  in  open  jars  half  filled  with 
clean  "rain  water,"  while  a  duplicate  set  was  placed  in  similar 
jars  sealed  air-tight.  All  of  the  specimens  were  cleaned  and  scraped 
free  from  any  adhering  deposits  or  incrustations  before  being  used 
for  this  investigation.  The  results  of  this  test  are  shown  in  Talkie 
I.  As  may  be  observed,  practically  no  incrustations  were  formed 
on  the  specimens  kept  in  the  sealed  jars,  since  the  water  therein 
was  isolated  from  the  air  with  its  content  of  carbon  dioxide;  while 
in  the  open  jars  the  youngest  and  most  permeable  concrete  yielded 
the  largest  "crop"  of  incrustations. 

From  these  facts,  the  following  theory  as  to  the  formation 
and  growth  of  incrustations  on  concrete  is  presented.  The  in- 
crustations come  from  the  soluble  salts  found  within  the  concrete. 
Since  these  are  due  principally  to  the  lime  set  free  during  the  setting 
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Table  I. 
Results  of  The  Incrustation  Experiments  on  Concrete  Tile. 

Spedmen  No. 

12 From  tile  in  service  for  32  years.     Kept  in  a  sealed  jar  for 

670  days.  No  sediment  formed,  nor  incrustation  on  speci- 
men. 

13 From  same  tile  as  No.  12.     Kept  in  an  open  jar  for  670  days. 

A  little  dark-colored  sediment  was  found  in  the  jar  and  a 
slight  trace  of  an  incrustation  seemed  to  appear  on  tlie 
fractured  surfaces  of  the  specimen. 

17 From   a    i6-in.    machine-made   tile   about   six   months  old; 

mixture  1:3.5.  Kept  in  a  sealed  jar  for  670  days.  A 
heavy  deposit  of  dark-colored  sediment  formed  in  the  jar 
and  the  fractured  surfaces  of  the  specimen  were  slightly 
incrusted,  but  the  smooth  inner  surface  was  free  from 
incrustations. 

19 From   a    20-in.    hand-tamped   tile   about   two   months  old; 

mixture  1:4.  Kept  in  an  open  jar  for  670  days.  The 
specimen  was  covered  with  a  heavy  incrustation  and  the 
sides  and  bottom  of  the  jar  coated  with  a  dense  sediment. 

ao From  the  same  tile  as  No.  19.      Kept  in  a  sealed  jar  for  670 

days.  The  water  was  covered  with  a  thin  disk  of  a  white 
substance  similar  to  that  found  floating  in  storage  tanks 
for  test  briquettes,  and  a  dense  sediment  was  present  in  the 
bottom  of  the  jar.  The  specimen  was  incrusted  but  not  as 
much  as  No.  19. 

30 From  a  20-in.  tile  which  had  been  in  service  for  four  years 

and  had  developed  a  heavy  growth  of  incrustations  while 
in  the  ground.  These  incrustations  were  all  scraped  off 
before  the  specimen  was  placed  into  the  jar  and  sealed. 
Kept  in  the  jar  for  670  days.  The  specimen  was  slightly 
incrusted  on  the  fractured  surfaces  only,  and  a  white 
flocculent  precipitate  floated  in  the  water. 

31 Same  as  No.  30,  but  kept  in  an  open  jar  for  276  days.     A 

dark-colored  sediment  formed  in  the  jar  and  a  slight 
incrustation  formed  on  the  fractured  surfaces  of  the  speci- 
men. These  two  specimens  are  from  a  tile  drain  cited  as 
a  case  where  the  drain  was  in  danger  of  clogging  from  the 
growth  of  incrustations. 

33 Specimen  from  a  lo-in.  machine-made  tile  one  month  old; 

mixture  1:3.  Kept  in  a  sealed  jar  for  276  days.  A 
dark-colored  sediment  formed  in  the  jar,  but  very  slight 
traces,  if  any,  of  incrustations  were  found  on  the  fractured 
surfaces  onlv. 

33 Same  as  No.  3  2,  but  kept  in  an  open  jar  for  670  days.     Traces 

of  incrustations  were  found  on  the  fractured  surfaces  of  the 
specimen,  with  a  sediment  both  floating  and  attached  to 
tne  bottom  of  the  jar. 

Aj Prom    a    20-in.    tile,    hand-tamped,    mixture   1:5,  and  had 

been  in  drain  for  3^  years.  Kept  in  a  sealed  jar  for  670 
days.  No  incrustations  were  found  on  specimen,  but  there 
was  a  flocculent  precipitate  floatinj^  in  the  jar. 

A.J  Same  as  A  a,  but  Icent  in  an  ojien  jar  for  276  days.     No 

incruKtations  were  lound  on  the  specimen,  but  a  fine  white 
sediment  had  formed  in  the  jar. 

A6  Mid  A8 .  .Prom  an  18-in.  tile  in  same  drain  as  A  a  and  A4.      The  results 
were  correspondingly  the  same. 
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of  the  cement,  which  in  fresh  concrete  may  occur  as  calcium  hy- 
drate and  the  calcium  sulphate  used  as  the  retarder,  the  youngest 
concrete  or  that  kept  away  from  the  leaching  action  of  percolating 
water  will  yield  the  most  incrustations.  Table  I  shows  that  the 
specimens  from  the  tile  which  had  been  in  service  for  the  longest 
periods  yielded  the  least  incrustations  both  in  the  open  and  sealed 
jars. 

The  incrustations  form  only  on  concrete  tile  which  are  in 
stagnant  or  very  slowly  moving  water,  as  shown  by  the  fact  that  of 
the  many  thousand  miles  of  concrete  drain  tile  installed  only  a  few 
instances  have  been  reported  where  incrustations  have  been  found. 
This  is  due  to  the  fact  that  in  still  water  the  water  next  to  the  con- 
crete, becoming  charged  with  soluble  salts,  remains  in  contact  with 
it,  and  if  there  is  enough  carbon  dioxide  held  in  solution  the  result- 
ing calcium  carbonate  is  precipitated  and  deposited  as  an  incrusta- 
tion, instead  of  being  washed  out  of  the  drain  as  it  is  when  the  water 
is  flowing  freely. 

Smooth  dense  surfaces  on  concrete  inhibit  the  formation  of 
incrustations,  because  the  necessary  troweling  action  brings  neat 
cement  to  the  surface,  forming  a  dense,  impermeable  covering 
which  prevents  the  transference  of  the  soluble  salts  from  the  inner 
portion  of  the  mass  to  the  outer.  On  the  other  hand  fractured, 
rough,  and  porous  surfaces  promote  the  growth  of  incrustations, 
such  surfaces  allowing  this  transference  of  the  soluble  salts  to  the 
outside  where  they  are  precipitated  by  the  chemical  action  of  the 
gases  and  minerals  dissolved  in  the  surrounding  water. 

The  formation  of  incrustations  and  concretions  in  drains  con- 
ducting water  free  from  alkali  may  be  prevented  by  making  the 
tile  from  a  wet  mixture  so  proportioned  as  to  secure  a  dense  concrete. 
The  inner  surface  should  be  troweled  so  as  to  bring  a  layer  of  neat 
cement  to  the  surface,  and  the  tile  should  at  all  times  have  a  free 
outlet  in  order  to  prevent  the  stagnation  of  water  in  the  tile. 
As  a  matter  of  fact,  the  incrustation  if  formed  will  be  of  litde  con- 
sequence, since  it  will  cease  upon  the  solution  of  the  soluble  salts 
in  the  concrete  unless  the  water  itself  is  highly  charged  with  mineral 
substances. 

In  connection  with  the  investigations  of  the  incrustation  of 
cement  tile,  a  large  number  of  absorption  tests  were  made  under  a 
variety  of  conditions,  the  results  of  which  are  given  in  part  in 
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Tables  II  to  V,  inclusive.  Data  showing  the  effect  of  the  size  of 
the  specimen  are  given  in  Table  \;  the  effect  of  the  length  of 
immersion  is  seen  from  Tables  II  and  I\',  which  also  show  the  effect 
of  immersion  of  the  specimen  in  boiling  water. 

Other  investigations  were  also  carried  on,  the  most  important 
being  the  determination  of  the  change  in  weight  of  a  specimen 
during  its  immersion.  Since  concrete  contains  soluble  salts  and 
the  cement  itself  is  affected  by  water,  such  changes  in  weight  as 

Tablb  II. — Results  of  Absorption  Experiments. 
(Values  given  are  Percentages  of  Absorption.) 

Series  VII. 


SpMdinen 
No. 

Usual  Test  in  Cold 
Water. 

In  Boiling 
Water. 

Usual  Test  in  Cold  Water 
on  Specimens  after  Boiling  Test. 

48Hrs. 

72Hr3. 

96Hr8. 

6Hre. 

lOHrs. 

20Hrs.|48Hrs. 

120Hrs. 

CSOIIrs. 

1 

2 

3 

6.43 
5,38 
()  35 
6  35 

6.48 
5.41 
6  46 
6.42 
4.50 

3  68 
4.27 
5.34 
7.66 

4  43 

6.50 
5.43 
6.64 
6.44 
4  30 

3  78 

4  36 
5.26 
7.19 
4.45 

12.75 
11.95 
12.29 
10.07 

9.84 
10,50 

9.84 
12.80 
13.85 

9.78 

8.88 
8.40 
8.34 
8.75 
8.51 
7  33 
7.46 
8.18 
9.14 
6.60 

8.89 
8.47 
8.38 
8.78 
8,64 
7.49 
7.60 
8.39 
9.54 
6.60 

9.20 
8.67 
8.52 
9,20 
8,80 
7.56 
7.80 
8.74 
9.45 
6  89 

9.57 
8.92 
8.86 
9  28 
8.98 
7  93 
8.00 
9.18 
10.45 
7.05 

10.61 
9.38 
9.37 

4 

9.73 

5 

3  94 
3.68 

4  24 

5  30 

6  86 
4.12 

9  37 

6 

8  58 

7 

8.70 

8 

9.95 

9 

11.19 

10 

7.29 

Series  IX. 


Speci- 

Usual Teat  In  Cold  Water. 

In  Boiling 

men 

Water, 

No. 

26  Hrs.l  55  Hrs 

lOGHrs. 

292Hr8. 

1  Hr. 

18 

6  05 

6  16 

6.18 

6  25 

7.35 

Ifi 

6  29 

6.33 

6.47 

6.71 

8.06 

17 

9  10 

9.50 

9.69 

10  75 

12.47 

19 

9.65 

9  53 

9.59 

10.70 

12.30 

21 

9  70 

10  53 

10  80 

11.19 

13.64 

33 

10,32 

11  62 

11.64 

12.31 

12.70 

2» 

7.97 

8  07 

8  14 

8.40 

9  86 

27 

8.75 

8  84 

8.96 

9.26 

9.88 

SsRiEe 

X. 

Speci- 
men 

Continued  Boiling. 

No. 

2  lira. 

3  lira. 

40  lira. 

14 

16 

18 

20 

22 

24 

26 

28 

8.84 
7.79 
10.76 
12.45 
13  71 
13.40 
9.86 
9.27 

8.25 
7.12 
10  10 
11.61 
13  00 
12.82 
8.45 
8  89 

9.37 
7.89 
11.10 
12.60 
i:<.80 
14.31 
0.83 
9.20 

discovered  were  not  unexpected.  New  concrete  when  placed  in 
water  is  subject  to  two  changes  in  weight,  a  decrease  due  to  the 
solution  of  the  soluble  matter  and  an  increase  due  to  the  setting 
of  the  cement  which  takes  up  water  of  crystallization.  The 
change  in  weight  during  the  test  is  liable  to  cause  a  net  increase 
or  decrease  in  weight,  and  the  time  of  immersion  should  therefore 
be  as  short  as  possible  to  secure  uniform  results.  The  time  usually 
tpecificd  in  Iowa  is  twenty-four  hours,  but  even  in  this  short  period 
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changes  in  the  weight  of  the  specimen  have  been  noticed  which 
would  cause  a  difference  of  from  ten  to  fifteen  per  cent,  in  the  result, 
depending  upon  whether  the  dry  weight  before  or  after  the  immer- 
sion of  the  specimen  was  used  as  the  divisor  in  calculating  the 
percentage.     Most  specifications  state  that  the  original  dry  weight 


Table  III. — Comparison  of  Cold-Water  and  Accelerated  Tests. 

Series  XI. 


Percentage  of  Absorption. 

Reduction 

Factor, 
Column  2 
Column  3 

Corrected 

Specimen  No. 

Cold-Water 

Test, 

48  Hrs. 

Accelerated 

Test. 
BoUed  1  Hr. 

Percentage 

of  Absorption, 

(Column  3) 

X0.722 

1 

2 

3 

4 

5 

Al 

8.70 
8.28 
8.72 

6.93 
7.37 
7.45 

7.68 
7.14 
6.56 

7.14 
6.61 
6.63 

6.54 
8.30 
6.60 

6.16 
5.28 
6.56 

6.76 
6.48 
7.45 

10  25 
9  80 
9.50 

7  63 

12.32 
11.46 
12.80 

10.70 
10.72 
10.90 

10.58 
9  63 
9.08 

9  60 
9.04 
9.01 

7.96 
11.97 
7.26 

8.60 

7.78 

10.41 

8.91 
8.63 
9.55 

14.10 
13.52 
13.45 

!          10  ."ta 

0  705 
0.723 
0.676 

0.647 
0.688 
0.653 

0.727 
0.742 
0.724 

0.748 
0  733 
0  735 

0.683 
0  694 
0.768 

0  715 
0  680 
0  629 

0.759 
0.752 
0.780 

0.728 
0.723 
0.706 

0.734 
0.737 
0.725 

8.90 

A2 

8.27 

A3 

9.28 

Bl 

7.72 

B2 

7.75 

33 

7.87 

CI 

7.65 

02 

0.95 

C3 

6.65 

Dl 

6.92 

D2 

6.53 

D3 

6.50 

El 

5.76 

E2 

8.53 

E3 

5.23 

Fl 

6. 72 

F2 

6.63 

F3 

7.54 

Gl 

6.43 

G2 

6.23 

G3 

6.88 

HI 

10.15 

H2 

9.78 

H3 

9.70 

11 

7.50 

12 

9.50                    12.90 
7.01                    9.65 

9.32 

13 

1           6.96 

1 

Average  Va 

lue  of  Reductio 

Q  Factor 

0.722. 

1 

shall  be  used  as  the  divisor,  but  from  the  data  at  hand  more  satis- 
factory results  would  be  obtained  if  the  specimen  was  dried  after 
immersion  and  this  weight  used  instead  of  the  original  dr\'  weight. 
Errors  such  as  those  due  to  the  loss  of  weight  by  the  loosening  of 
sand  grains,  the  absorption  of  impurities  by  the  water,  etc.,  would 
thus  be  eliminated. 
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The  usual  absoqttion  test  requires  at  least  24  hours  for 
completion  but  it  would  often  be  convenient  to  make  such  a  test 
in  a  shorter  time.  Two  methods  are  suggested  for  making  such 
accelerated  tests:  first,  the  exhaustion  of  the  air  from  the  vessel 
in  which  the  specimens  are  immersed,  and  second,  the  immersion 
of  the  specimens  in  boiling  water.  The  first  method  involves  the 
use  of  an  air  pump  and  apparatus  which  are  not  always  available, 
while  a  method  based  upon  boiling  the  specimens  is  quite  simple. 
A  large  number  of  absorption  tests  were  made  for  the  purpose  of 
developing  the  boiling  method,  a  few  of  which  are  given  in  Tables 
II,  III,  and  IV.  As  will  be  noted,  a  short  boiling  causes  a  larger 
absorption  than  a  long-time  immersion  in  cold  water,  so  that  in 
order  to  compare  the  results  of  the  accelerated  test  with  those  of 
the  regular  test,  a  reduction  factor  must  be  determined  from  a 
large  number  of  tests  by  both  methods  upon  identical  specimens. 

The  method  at  present  recommended  for  the  accelerated  test 
is  as  follows :  A  standard-size  specimen  of  the  material  to  be  tested 
is  thoroughly  dried  to  constant  weight,  brushed  with  a  stiff  brush  to 
remove  any  loose  or  adhering  particles  which  might  be  detached 
during  the  test,  and  placed  into  boiling  water  for  one  hour.  It  is 
then  immersed  in  cold  water  for  five  minutes  and  weighed.  The 
increase  in  weight  divided  by  the  original  dry  weight  gives  the  per- 
centage of  water  absorbed  during  the  accelerated  test.  This 
percentage  must  be  multiplied  by  a  reduction  factor  to  give  results 
comparable  with  those  obtained  in  the  cold-water  test. 

Table  III  shows  results  obtained  by  the  use  of  both  methods 
on  the  same  specimens.  Three  specimens  cut  from  each  concrete 
tile  were  tested  in  the  usual  way,  then  dried  and  tested  by  the 
accelerated  method.  The  results  are  given  in  Columns  2  and  3. 
The  numbers  obtained  by  dividing  the  percentages  of ''  cold-water 
absorption"  by  the  corresponding  percentages  of  "accelerated 
ab.sorption"  are  tabulated  in  Column  4.  An  average  of  these 
values  gives  the  reduction  factor  of  0.722  by  which  the  results  of  the 
accelerated  test  were  multiplied  in  order  to  obtain  the  values  gi\  en 
in  the  last  column.  A  comparison  of  the  values  thus  obtained  with 
those  of  the  regular  48- hour  absorption  test  shows  results  well 
within  the  limits  of  accuracy,  especially  if  those  variations  be  com 
pared  with  the  variations  found  in  the  results  from  several  tests  on 
spedmens  from  the  some  tile. 
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Table  V. — Showing  Effect  of  Size  op  Specimen  upon  Absorption. 


Speci- 
men 
No 

Thick- 
ness, 

Large  Specimen. 

Small  Specimen. 

Size. 

Weight. 

Absorption, 

Size. 

Weight. 

Absorption. 

ins. 

grams. 

per  cent. 

ins. 

graou. 

per  cent. 

1 

0.9 

6x12 

2413 

6  5 

3x4 

414 

7.0 

2 

7x12 

'     2592 

6  2 

3x4 

368 

7.9 

3 

" 

8x12 

3392 

5.9 

3x3  5 

292 

7.6 

Average  . . . 

.  .    5  9 

Ave.-age  .  . 

...    7.5 

4 

1.0 

10x12 

5445 

8.0 

3x3 

403 

7.9 

6 

8x12 

3762 

8.8 

3  5x3.6 

378 

96 

6 

7.5x12 

3582 

8.0 

3x4 

414 

9  4 

7 

6x12 

2582 

7.7 

3.5x3.5 

392 

10  0 

8 

7.6x12 

3300 

7  3 

3x3 

342 

10.0 

9 

7x12 

3441 

9  1 

3  6x3  5 

360 

10.9 

10 

6x12 

2519 

8.8 

3x4 

425 

7.8 

11 

4.6x12 

2168 

8.7 

3x3 

318 

12  0 

12 

8x12 

3644 

7.6 

3  6x4 

391 

9.7 

13 

9x12 

4065 

8.4 

3x3 

300 

11.3 

14 

7x12 

3374 

8.4 

3x3.5 

299 

11  0 

15 

8x12 

3463 

8.1 

3x3 

315 

10.8 

16 

10x12 

4253 

7.9 

3  5x3.5 

415 

8.7 

17 

8.5x12 

3671 

T.7 

3.5x3.6 

463 

6  9 

18 

8x12 

3583 

9  2 

2  5x3.5 

308 

6  2 

19 

8x12 

3859 

7.4 

3.5x4 

383 

10.4 

20 

6.5x12 

2853 

8  0 

4x4 

335 
Average  . . 

11  4 

Average  . . . 

..   8.2 

...85 

21 

0.5 

6x12            1502 

7.2 

4x4 

322 

6.8 

22 

0.5 

3.5x7                564 

8.3 

4x4 

351 

7.4 

Average  . . . 

..   7.7 

Average  .  . 

...  7.1 

23 

0.5 

5x12            1504 

7.70 

3.5x4 

281 

6.7 

24 

0.5 

5x12            1684 

6.89 

3.5x3  5 

337 

6.23 

Average  . .  . 

..   7.3 

Average  .  . 

...  6.6 

25 

2  30 

6.5x8              4034 

7.75 

4x4.5 

1333 

8.20 

20 

2.80 

8x11            8612 

7.76 

4x4.5 

1784 

7.70 

27 ... . 

2.70 

7x11            8155 

10.00 

4x4.5 

1744 

9.20 

Average  . . . 

..   8.5 

Average  . . 

...  8.4 

At  present  enough  tests  have  not  been  made  to  fix  a  reliable 
value  for  the  reduction  factor,  but  sufficient  data  are  at  hand  to 
warrant  the  assertion  that  this  accelerated  method  of  testing  can 
be  used  when  necessary.  Different  materials  will  require  different 
factors,  but  these  can  be  determined  by  the  person  having  occasion 
to  use  this  accelerated  test. 

Criticisms  and  suggestiocxs  relative  to  the  ideas  stated  herein 
are  invited. 


THE  EFFECT  OF   HIGH-PRESSURE   STEAM   ON  THE 

CRUSHING  STRENGTH  OF  PORTLAND-CEMENT 

MORTAR  AND  CONCRETE. 

By  R.  J.  Wig. 

It  is  a  well-knowTi  fact  that  the  hardening  of  Portland  cement 
is  accelerated  by  exposure  to  heat  after  hydration,  but  the  value 
of  this  acceleration  and  the  possibilities  of  its  application  to  com- 
mercial purposes  have  not  been  extensively  investigated. 

In  the  manufacture  of  cement  products  such  as  building  blocks, 
architectural  stone,  drain  and  sewer  tile,  fence  posts,  etc.,  it  is 
highly  desirable  to  produce  material  of  uniform  and  kno\\Ti  quality. 
Under  present  methods  of  manufacture  the  product  is  not  of  uni- 
form quality,  for  even  under  laboratory  conditions  of  storage  and 
curing  a  variation  of  50  per  cent,  in  strength  between  maximum 
and  minimum  values  is  not  excessive  for  similar  concrete  mixed 
and  molded  under  apparently  the  same  conditions. 

At  the 'present  time  many  manufacturing  plants  find  it  to  be 
economical  and  highly  desirable  to  cure  their  products  by  exposing 
them  to  heat  in  the  form  of  steam  at  atmospheric  pressure.  By 
this  means  it  is  found  that  the  concrete  becomes  suflicicntly  hard 
in  the  course  of  several  days  to  permit  handling  and  shi[)ment. 
The  heat  accelerates  the  setting  and  also  aids  in  the  production 
of  a  more  uniform  quality  of  material. 

The  results  reported  in  this  paper  are  summarized  from  a 
scries  of  tests  made  in  1907  and  1908,  in  the  Structural  Materials 
Testing  Laboratories  of  the  United  States  Geological  Sur\ey  at 
St.  Louis,  Mo.  The  purpose  of  the  investigation  was  to  determine 
what  acceleration  in  hardening  could  be  obtained  by  using  steam 
under  pressure  with  corresponding  higher  temperatures. 

Outline  of  Investigations. 
There  were  two  series  of  investigations : 

1.  To  determine  the  effect  of  dilTcrcnt  steam  pressures  on 

the  hardening  of  Portland -cement  mortar. 

2.  To  determine  the  effect  of  duration  of  steam  exjMDsure  on 

the  hardening  of  Portland-cement  mortar. 
(580) 
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All  tests  were  made  on  one  mortar  mixture  composed  of  i 
part  by  volume  of  Portland  cement  to  4  parts  by  volume  of  well- 
graded  sand.  Two  percentages  of  water  were  used  in  mixing, 
corresponding  to  those  employed  in  molding  cement  products. 
One  has  been  termed  a  damp  consistency,  the  mixture  containing 
only  sufficient  water  to  permit  molding  a  ball  in  the  hands  and  hold- 
ing between  the  thumb  and  finger.  Water  could  not  be  drawn  to 
the  surface  by  troweling.  The  other,  designated  a  "quaking" 
consistency,  contained  all  the  water  it  would  hold  and  permit  of 
making  a  ball  in  the  hands  and  holding  between  the  thumb  and 
finger.  Water  could  easily  be  drawn  to  the  surface  by  the  pressure 
of  a  trowel. 

Unfortunately  the  second  series  of  tests  was  not  made  until 


Fig.  I. — Cast-Iron  Cylinder  Mold. 

eight  months  after  the  first  series.  The  same  cement  was  used 
in  both  series.  It  was  stored  in  galvanized  iron  cans  during  this 
period  but  became  slightly  lumpy.  The  large  lumps  were  screened 
out  by  passing  the  cement  through  a  \-m.  mesh  sieve  and  an 
endeavor  was  made  to  crush  the  small  lumps,  but  it  would  appear 
from  the  results  that  the  tests  were  affected  somewhat  by  this 
difference  in  the  quality  of  the  cement  due  to  its  age  and  condition, 
and  the  results  of  the  second  series  are  not  directly  comparable 
with  those  of  the  first  series.  However,  each  series  is  complete 
in  itself  and  gives  the  desired  information. 

Details  of  Tests. 

Although  proportions  are  stated  by  volume,  they  were  con- 
verted into  their  weight  equivalents  for  greater  accuracy,  allowance 
being  made  for  the  moisture  contained  in  the  sand. 
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The  materials  were  mixed  in  a  cubical  batch  mixer.  They 
were  mixed  dry  for  fi\e  minutes,  when  the  water  was  weighed  and 
added  and  the  mixing  continued  another  five  minutes. 

The  test  piece  was  cylindrical  in  shape,  8  ins.  in  diameter 
by  16  ins.  in  length.  The  cast-iron  mold  in  which  these  test  pieces 
were  formed  is  sho^^•n  in  Fig.  i.  It  is  in  three  sections  held  together 
by  brass  eye -screws  and  iron  wedges.  The  inner  surfaces  are 
machined  true. 


Fio.  i. — Steam-Curing  Equipment. 

The  mold  was  filled  one-quarter  full  and  hand-tamped  system- 
atically with  a  13-lb.  peen-shaped  tamper,  care  being  taken  to 
cover  the  entire  surface.  This  operation  was  repeated  until  the 
mold  wa.s  filled,  when  it  was  leveled  oil  with  a  plasterer's  trowel. 

The  molds  were  placed  in  the  moist  room  immediately  after 
filling  and  the  following  day  they  were  removed  from  the  test 
piccCT.  After  steam  treatment  the  test  pieces  were  stored  in  the 
moist  room  (with  a  few  exceptions)  until  tested.    The  test  ])ieces 
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Fig.  3. — Steam-Curing  Tank. 

which  were  not  steam  treated  were  not  removed  from  the  moist 
room  until  the  day  they  were  due  to  be  tested.  All  test  pieces  in 
the  moist  room  were  sprinkled  ever}-  eight  hours. 


(Va/i^  Cjytfhi'is  Steam  Preisurt 

Regulating  Ht/v^ff 

^5team 
Supply 


Dofij  Back- pressure 
Valve,  B 


■  Three  branch  pipes  are  connected  here, 

feeding  steam  into  the  tank  cit points  D 

Fig.  4.  — Steam-Curing  Tank  and  Piping. 


Steam  Trap 
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Steam  Treatment. 
The  steam-curing  equipment  is  shown  in  Figs.  2  and  3.  The 
details  of  the  construction  of  the  tank,  piping,  etc.,  are  shown  in 
Fig.  4.  The  equipment  consisted  of  a  curing  tank  36  ins.  in  diame- 
ter by  10  ft.  in  length  with  one  head  removable,  three  steel  flat, 
cars  24  ins.  wide  by  30  ins.  long,  track,  steam-pressure  regulating 
valve,  back -pressure  valve,  steam  trap,  steam  gage,  and  necessary 
piping.  The  steam  was  obtained  from  the  power  house  of  the 
laboratory. 

The  method  of  steam  treatment  was  as  follows: 
Twenty-four  hours  after  the  test  pieces  were  molded  the  molds 
were  removed  and  the  test  pieces  placed  on  the  flat  cars.  The  cars 
were  rolled  into  the  tank,  the  section  of  the  track  at  the  entrance 
of  the  tank  was  removed,  and  the  head  of  the  tank  which  was 
suspended  on  a  rail  was  rolled  into  place  and  bolted.  Valve  A 
and  the  back-pressure  valve  B  were  opened  to  permit  the  air  to 
exhaust  with  the  entrance  of  the  steam.  Valve  C  was  opened, 
permitting  the  steam  to  flow  through  the  pressure-regulating  valve 
R  into  the  tank.  It  required  from  15  to  45  minutes  to  exhaust  the 
air  from  the  tank  and  bring  the  steam  up  to  the  desired  pressure. 
As  soon  as  the  air  was  exhausted  valve  A  was  closed  and  the  back- 
pressure valve  was  set  for  the  desired  pressure.  For  low  j^ressures 
a  mercury  column  was  attached  to  the  tank  for  greater  accuracy 
in  reading.  The  high  pressures  were  read  directly  from  the  steam 
gage.  When  the  desired  pressure  was  reached  the  regulating 
valve  R  was  set.  After  the  desired  period  of  steaming,  valve  C 
was  closed  and  valve  A ,  back-pressure  valve  B,  and  the  steam  trap 
were  opened,  permitting  the  steam  to  exhaust  from  the  tank. 
When  the  pressure  was  removed,  the  head  of  the  tank  was  unbolted 
and  removed.  The  cars  were  drawn  from  the  tank,  the  test  jMcces 
removed,  and  cither  tested  immediately  for  compressive  strength 
or  stored  in  the  moist  room  until  they  were  due  to  be  tested. 

Compression  Tests. 

The  ends  of  the  cylindrical  test  pieces  were  smoothed  off  with 
plaster  of  Paris  at  right  angles  to  the  axis  a  short  time  before  test- 
ing.   The  method  of  applying  this  i)laster  cap  was  as  follows: 

The  glass- top  table  used  for  this  purpose  was  oiled,  j)laster 
of  Paris  was  spread  on  it  about  \  in.  thick,  and  the  cylinder  was 
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forced  into  it  so  that  all  but  a  layer  about  yV  in.  thick  was  squeezed 
out.  The  sides  of  the  cylinder  were  kept  vertical  by  means  of  a 
spirit  level.  After  the  plaster  was  set,  the  test  piece  was  removed 
from  the  glass  and  the  other  end  was  treated  in  the  same  way,  both 
ends  being  made  parallel,  and  perpendicular  to  the  axis. 

The  test  piece  was  placed  in  the  testing  machine  without 
further  bedding.  The  load  was  applied  continuously  at  a  speed  of 
about  tV  in.  per  minute  until  failure.  The  gross  deformation 
readings  were  taken  on  one  test  piece  from  each  set  of  three  similar 
test  pieces,  readings  being  taken  at  5,cx>D-lb.  intervals  or  about  100 
lbs.  per  sq.  in.  The  ultimate  breaking  load  and  the  appearance 
of  the  ruptured  cylinder  were  recorded.  The  capacity  of  the  largest 
testing  machine  available  at  the  time  some  of  the  earlier  tests  were 
made  was  200,000  lbs.,  which  was  not  suflicient  to  cause  the  failure 
of  the  test  pieces.  A  machine  of  600,000  lbs.  capacity  was  avail- 
able later,  however,  in  which  all  test  pieces  could  be  crushed  to 
failure. 

Results  of  Tests. 

All  test  piece?  were  calipered  and  weighed  previous  to  testing. 
The  weight  per  cubic  foot  of  mortar  was  computed  by  dividing 
the  weight  by  the  volume  computed  from  actual  measurements 
of  each  test  piece.  The  ultimate  strength  in  pounds  per  square 
inch  was  obtained  by  dividing  the  total  breaking  load  by  the 
sectional  area  comj^uted  from  the  actual  measured  diameter. 

Only  averaged  results  are  recorded  in  Tables  1  and  11 
for  all  properties  e.xcepting  the  ultimate  compressive  strength,  for 
which  ma.ximum  and  minimum  values  are  also  given.  The  results 
of  the  tests  are  shown  diagrammatically  in  Figs.  5  to  9  inclusive, 
each  point  on  the  curve  being  the  average  value  of  three  test  pieces 
unless  otherwise  stated. 

Figs.  5  and  6. — Examining  these  diagrams,  in  which  pressure 
and  temperature,  respectively,  have  been  j)lottcd  with  the  ultimate 
compressive  strength, it  is  observed  that  the  acceleration  in  strength 
is  very  marked  with  the  increase  in  the  steam  pressure  and  tem- 
perature. The  gain  in  strength  of  the  mortar  exposed  for  24  hours 
to  steam  at  80  lbs.  per  scj.  in.  over  the  untreated  mortar  is  632 
per  cent.  Lower  steam  pressures  give  a  corresj)on(ling  increase  in 
strength  over   the   untreated  mortar,  and  from  the  slope  of  the 
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Fig.  5. — Effect  of  Various  Steam  Pressures  on  the  Compressive  Strength 
of  Portland-Cement  Mortar. 

Age  when  Tested,  2  Days. 
"Quaking"  Consistency,  9  per  cent.  Water. 

Subjected  to  Steam  for  24  Hours  after  having  set  for  24  Hours  in 
Moist  Air. 
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Fig.  6. — Effect  of  Steam  of  Various  Temperatures  on   the  Compressive 
Strength  of  Portland-Cement  Mortar. 

Age  when  Tested,  2  Days. 
"Quaking"  Consistency,  9  per  cent.  Water. 

Subjected  to  Steam  for  24  Hours  after  having  set  for  24  Hcurs  in 
Moist  Air. 
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curves  it  would  appear  that  the  increase  in  strength  would  be  cor- 
respondingly higher  for  higher  steam  pressures  and  temperatures. 
Fig.  y. — In  this  diagram  the  age  of  the  mortar  when  tested 
is  plotted  wath  the  ultimate  compressive  strength  for  various  steam 
pressures.  It  will  be  observed  that  there  is  no  retrogression  in 
strength  with  age  in  any  case.  The  untreated  mortar  does  not 
equal  in  strength  any  of  the  steam-cured  mortar  at  any  period, 
and  at  the  age  of  i8o  days  it  has  less  than  50  per  cent,  of  the  strength 
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Fig.  7. — Effect  of  Various  Steam  Pressures  on  the  Compressive  Strength 
of  Portland -Cement  Mortar. 

"Quaking"  Consistency,  9  per  cent.  Water. 

Subjected  to  Steam  for  24  Hours  after  having  set  for  24  Hours  in 
Moist  Air. 

of  the  steam -cured  mortar  under  80  lbs.  steam  pressure  for  24 
hours. 

Fig.  8. — This  diagram  shows  how  the  length  of  time  of  expos- 
ure to  steam  affects  the  compressive  strength,  the  steam  pressure 
being  maintained  constant.  All  mortar  exposed  to  steam  under 
80  lbs.  pressure  for  from  12  to  48  hours  resulted  in  an  increase  in 
compressive  strength  over  the  untreated  mortar.  The  increase 
in  strength  is  from  approximately  400  per  cent,  at  the  age  of  2  days 
to  100  per  cent,  at  the  age  of  28  days.     None  of  the  steam -cured 
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Fig.  8. — Effect  of  Duration  of  Exposure  to  Steam  on  the  Compressive 
Strength  of  Concrete. 

Steam  Pressure  between  75  and  80  lbs.  per  sq.  in  (Gage). 

"Quaking"  Consistency,  9  per  cent.  Water. 

Concrete  stored  in  Moist  Air  24  Hours  before  Steaming. 
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Fig.  9. — Effect  of  Duration  of  Exposure  to  Steam  on  the  Compressive 
Strength  of  Concrete. 

Steam  Pressure  between  75  and  80  lbs.  per  sq.  in.  (Gage). 

"  Damp"  Consistency,  5 J  per  cent.  Water. 

Concrete  Stored  in  Moist  Air  24  Hours  before  Steaming. 
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mortar  showed  retrogression  in  strength  between  2  and  28  days. 
The  steam  treatment  of  only  3  hours'  duration  apparently  had  an 
injurious  effect  upon  the  hardening  of  the  mortar,  as  it  developed 
only  60  per  cent,  of  the  strength  of  the  untreated  mortar  at  the 
age  of  28  days.  Comparing  the  24-hour  curve  of  Fig.  8  with  the 
24-hour  curve  of  Fig.  7,  it  will  be  observ'ed  that  the  former  lies 
below  the  latter  for  all  periods,  although,  if  the  mortar  were  of 
the  same  quality  in  both  cases,  they  should  have  developed  equal 
strength.  As  previously  explained,  eight  months  elapsed  between 
the  making  of  the  test  pieces  of  these  two  series,  and  the  cement 
had  become  slightly  lumpy  during  this  interval. 

Fig.  g. — The  concrete  of  this  series  was  mixed  very  dr}^,  only 
6  per  cent,  of  water  being  used.  The  untreated  mortar  of  this 
series  is  approximately  equal  in  strength  to  the  untreated  mortar 
of  "quaking"  consistency  shown  in  Fig.  8,  but  the  steam -cured 
mortar  of  this  damp  consistency  has  developed  only  about  50 
per  cent,  of  the  strength  of  the  steam-cured  mortar  of  the  '*  quak- 
ing" consistency  shown  in  Fig.  8.  There  is  no  apparent  explana- 
tion why  the  mortars  subjected  to  12  hours'  steam  treatment  should 
exceed  the  strength  of  the  mortars  exposed  to  steam  for  24  and  48 
hours. 

Considering  all  of  the  above  tests,  it  is  apparent  that  steam 
under  pressure  will  greatly  accelerate  the  hardening.  In  order 
to  determine  the  effect  of  steam  on  a  lean  mixture,  one  set  of  cylin- 
ders was  molded  of  i  part  Portland  cement  and  8  parts  -of  sand, 
using  12J  per  cent,  of  water.  They  were  permitted  to  obtain  an 
initial  set  in  moist  air  for  24  hours  when  they  were  exposed  to 
steam  under  80  lbs.  pressure  for  24  hours.  They  were  tested 
immediately  after  removing  from  the  steam,  being  2  days  old, 
with  the  following  ultimate  strength  in  compression  (lbs.  per  sq. 
in.):  2038;  2307;  2040;  average,  2128. 

From  these  tests  it  would  appear  that  the  strength  of  a  steam- 
cured  mortar  is  directly  i)roportional  to  the  cement  content,  but 
of  course  too  much  dependence  should  not  be  placed  on  a  few 
results.  One  set  of  limestone  concrete  cylinders,  made  in  the  i)ro- 
portion  of  i  part  Portland  cement,  3  parts  sand  and  6  parts 
limestone,  was  tested.  They  set  in  moist  air  for  the  first  24  hours, 
obtaining  an  initial  set,  after  which  they  were  exposed  to  steam 
at  80  lbs.  pressure  for  24  hours.    They  were  tested  directly  after 


Wig  on  Steam  Treatment  of  Cement  Mortar,  593 

taking  from  the  steam,  being  2  days  old,  with  the  following  ulti- 
mate strength  in  compression  (lbs.  per  sq.  in.):  2429;  2615;  2320; 
average,  2455. 

Several  sets  of  cylinders  were  exposed  to  steam  immediately 
after  molding  without  permitting  the  mortar  or  concrete  to  obtain 
an  initial  set.  In  every  case  the  test  pieces  were  cracked  long- 
itudinally by  the  steam,  but  the  cement  was  hard  and  they  devel- 
oped about  half  of  the  strength  of  those  which  were  permitted  to 
obtain  an  initial  set  before  exposing  to  steam.  It  was  found  that 
if  the  mortar  or  concrete  was  mixed  to  a  creamy  consistency, 
although  it  was  permitted  to  set  in  the  air  for  4  days  previous  to 
exposing  to  steam,  it  would  be  cracked  longitudinally  by  the  action 
of  the  steam. 

Conclusions. 

The  conclusions  drawn  on  tests  of  this  character  must  be 
understood  as  being  only  directly  applicable  to  materials  similar 
to  those  tested  and  they  must  be  limited  by  the  limitations  of  the 
investigation.  However,  the  test  pieces  were  of  good  size  and  con- 
sidering the  large  number  made  and  tested,  the  reliability  and 
accuracy  of  the  results  may  be  accepted. 

1.  Steam  up  to  80  lbs.  per  sq.  in.  has  an  accelerating  action  on 
the  hardening  of  Portland-cement  mortars  or  concrete. 

2.  The  compressive  strength  increases  as  the  steam  pressure 
is  increased. 

3.  The  compressive  strength  increases  with  the  increase  in 
the  time  of  exposure  to  steam. 

4.  A  compressive  strength  considerably  (in  some  cases  over 
100  per  cent.)  in  excess  of  that  obtained  normally  after  ageing  for 
six  months,  may  be  obtained  in  two  days  by  using  steam  under 
pressure  for  curing  the  mortar  or  concrete. 

5.  Steam  under  pressure,  if  of  sufficient  duration,  permanently 
accelerates  the  hardening  of  the  concrete,  giving  constant  increase 
in  compressive  strength  with  age. 

6.  The  steam-cured  mortar  or  concrete  is  of  much  more  uni- 
form appearance  and  much  lighter  in  color  than  normally  aged 
mortar  or  concrete  made  from  the  same  materials. 

7.  The  mortar  or  concrete  should  obtain  an  initial  set  before  it 
is  exposed  to  the  steam  treatment. 

38 
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8.  For  steam  curing,  a  "quaking"  or  medium  consistency  is 
preferable  to  a  ver}'  dr}-  or  ver}-  wet  consistency. 

9.  The  initial  modulus  of  elasticity  and  the  yield  point  of  the 
mortar  increase  directh-  with  the  steam  pressure. 

ID.  The  initial  modulus  of  elasticity  and  the  yield  point  of  the 
mortar  increase  directly  with  the  duration  of  steam  treatment. 

11.  The  initial  modulus  of  elasticity  does  not  increase  in 
direct  proportion  to  the  increase  in  the  ultimate  compressive 
strength  of  a  steam-cured  mortar. 

12.  Results  indicate  that  the  compressive  strength  obtained 
by  steam  curing  is  directly  proportional  to  the  cement  content  of 
the  mortar  or  concrete. 


THE    DETERMINATION    OF    STRESSES    IN    A    REIN- 
FORCED CONCRETE  MEMBER  SUBJECT  TO 
AXIAL  LOAD  AND  FLEXURE. 

By  S.  Ingberg, 

Introduction. 
The  use  of  plain  and  reinforced  concrete  in  arch  bridges  has 
necessitated  the  deduction  of  formulas  for  obtaining  the  stresses 
in  steel  and  concrete  when  subjected  to  combined  thrust  and 
flexure.  An  experimental  study  of  the  behavior  of  reinforced 
concrete  under  these  conditions  had  not,  to  the  writer's  knowledge, 
been  made  until  the  present  series  of  tests  was  undertaken  during 
the  year  1909-10  as  a  part  of  the  investigations  of  the  Engineering 
Experiment  Station  of  the  University  of  Illinois.  The  work  was 
under  the  immediate  charge  of  Professor  A.  N.  Talbot,  to  whom, 
as  well  as  to  other  members  of  the  staff,  acknowledgments  are  due 
for  valuable  suggestions  and  aid. 

Theory. 

As  an  aid  toward  defining  the  experimental  problem    the 
following  theoretical  considerations  will  be  given. 

Fig.    I   represents  a    section 
of  a  reinforced  concrete  member  f  —  fc  •—»! 

in  which  the  concrete  is  assumed 
to  take  stress  over  the  full  section , 
/'  being  compression  or  any  al- 
lowable tension.  Letting  p  rep- 
resent the  ratio  of  lower  or 
tensile  steel  area  to  that  of  the 
concrete,  a  the  ratio  of  com- 
pressive to  tensile  reinforcement, 
and  M  =  modulus  of  elasticity 
of  steel  divided  by  the  initial 
modulus  of  elasticity  of  concrete,  Fig. 

we  have  from  conditions  of  equilibrium, 

ibhifc  +fc')  +  apbhf/  +  pbhfs  -  AT  -  o . 
(595) 


apbh 
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Also,  taking  moments  about  N, 

+  pbhfs  {rh- —  +e\  =  o. 

The  eccentric  distance,  e,  from  the  geometric  center  of  the 
section  may  be  an  actual  eccentricity  of  the  normal  force  N  or 
it  may  be  a  virtual  eccentricity  due  to  a  moment  M  produced  by 
forces  acting  in  lines  parallel  with  the  section,  or 

M 

Substituting  in  the  above  equations  for//,  //,  and/,  in  terms 
of/j,  considering  stresses  to  be  proportional  to  their  distances  from 
the  plane  of  zero  stress,  distant  kh  from  the  upper  fiber,  the  follow- 
ing equations  result  for  what  will  be  termed  Case  I : 


k~ 


4-6f-6p.[ar-(.-f-.r-)-r(-^-H-.r-)] 


N 
bhf, 


This  affords  a  solution  for  the  compressive  unit  stress  /^,  hence 
also  for  the  other  stresses. 

Referring  to  Fig.  2,  Case  II 
considers  the  concrete  on  one 
side  of  the  neutral  plane  to  be 
broken  in  tension,  both  defor- 
mations and  stresses  being  as 
before  assumed  proportional  to 
I  I    «iJ      y  ^  their  distances  from  the  neutral 

1 4_S.-^_.  j>^^      axis. 

fLm^^^H^ZlS  In  a  manner  similar  to  that 

used   for  Case   I,   the   following 
Pio.  3.  solution  is  obtained: 
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Referring  to  Fig.  3,  Case  III, 
while  considering  the  section  to 
remain  plane  after  bending,  as- 
sumes deformation  and  stress  in 
the  concrete  to  be  related  by  the 
law  of  the  parabola  whose  vertex 
is  at  the  outer  fiber.  This  assump- 
tion gives  the  modulus  of  elasticity 
of  the  concrete  in  the  outer  fiber 
a  value  of  one-half  of  that  which 
obtains  near  the  neutral  axis. 
Then,  as   in   Case  II,  neglecting 


J-^apbh 


^--f^n 


Fig.  3. 


tension  in  the  concrete,  the  following  solution  results: 

—  iapnr'  I  —  +21^—1   I  —^pnrl  -—  -f-  ar  —  i   l=o. 
N         2k  /        r'\  /  r\ 

Test  Pieces. 

Twenty-two  test  beams  8  by  1 1  ins.  in  section  were  made  and 
tested.  Table  I  gives  their  dimensions  and  reinforcements. 
Beams  450  were  plain  concrete,  Beams  451  had  two  J- in.  rods 
tensile  reinforcement,  Beams  452  had  two  i-in.  rods  tensile 
reinforcement  and  four  \-'m..  rods  compressi\e  reinforcement, 
Beams  453  had  two  f-in.  rods  tensile  reinforcement,  and 
Beams  454  had  two  fin.  rods  tensile  reinforcement  and  two  f-in. 
rods  compressive  reinforcement.     To  prevent  a  possible  failure 
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Table   I. — Data  of  Beams. 
All  Beams  12'  6'  Lono.  Concrete,  1:2:4. 


1 

Beam 

No.    1 

Section  of 

Concrete, 

ins. 

Per  cent. 

of 

Cement 

Used. 

Age, 
Days. 

Per  cent. 
Steel. 

ate*  DistMce       ^^b  Reinforce- 
to  Steel.                    n*®'^*- 

Top. 

Bofm. 

Top. 

Bot'm. 

Per 
Cent 

Disposition. 

450  .  1 
450     3 

8.187  X  11 
8.125X  11   125 
806    xll  31 
8.12    X 11.125 
8.25    xll  312 
8          xll  062 
8          xll 

8          xll. 5 
8         xll 
8.12    xll  37 
8.06    X 11.37 
8          xll. 12 

8          X 11.375 
8  06    xll  6 
8.25    X 11.25 

8.12    xll  37 
8          X  11  26 

8          X  11.26 

8          xll  26 

7  76    xll. 12 

8  12    xll  42 
7.87    xll 

12  2 
15.8 
15.0 

14  6 

13  2 

15  4 
13.2 

15.0 
14.8 
13.1 
15  3 
15.1 

14  9 

15  1 
14  9 

14  9 
14. 6 

14.5 

16  0 
14  7 
14  9 
16.0 

67 
70 
69 
70 
63 
70 
65 

69 
69 
63 
70 
69 

70 
69 
70 

71 
71 

71 

70 
71 
70 
72 

Plain 
Concrete. 

450  .  4 

450  .  5 

451      1 

0 
0 
0 

0 

0 
0.856 
0382 
0.882 

0.862 

0.846 

0 

0 
0 

0 

0  975 
1.025 
0  945 
1.022 

0.400 
0.447 
0.450 

0.443 
0.438 
0.428 
0.441 
0.441 

0.431 
0.423 
0.950 

0.962 
0.982 

0.976 

0.975 
1  025 
0.945 
1.022 

. ..  . . 

6.132 
0.129 
0.173 

0.151 
0.125 

0.105 
0.125 
0.126 
0.119 

0.882 
0888 
0.900 

0.903 
0.900 
0.812 
0.900 
0.895 

0.890 
0.860 
0890 

0.880 
0.890 

0.872 

0.886 
0.900 
0.880 
0.895 

None 
0.482 

0.465 
None 

0.465 

0470 
None 
0  460 

0.466 
0  922 

0.670 

0.670 
0.595 
0.550 
0.690 

451  .  2 
451  .3 

451  .  4 

451  .  5 

452  .  1 

10— r     in 
each   end, 
spaced  5' 

452  .  2 

........... 

452  .  3 

452  .4 
462  .  5 



10— r    in 
each  end, 
spaced  5" 

463  .  1 

463  .  2 
463  .  3 

463  4 

464  1 
464     2 
464  .  3 
464  .4 

10—1'    in 
each  end, 
spaced  5' 

8— i*      in 
each  end, 
spaced  GJ' 

12— r    in 
each  end, 
spaced  4' 

by  diagonal  tension,  web  reinforcement  sulVicient  in  amount  to 
take  two-thirds  of  the  shear  was  placed  in  all  beams  in  which  the 
shear  at  the  calculated  maximum  load  exceeded  50  lbs.  per  sq.  in. 
To  check  the  quality  of  the  concrete  three  6-in.  cubes  and  one 
control  beam  6  by  8  ins.  by  3  ft.  4  ins.  were  made  from  the  same 
batch  as  the  corrcsjxjnding  beam,  and  also,  for  the  greater  number 
of  Ix'ams,  one  8  by  16-in.  cylinder  was  made. 

The  beams  and  cylinders  were  stored  in  air,  tlie  cylinders  being 
kept  a  little  more  damj)  than  the  beams  so  that  the  rate  of  drying 
of  the  two  might  be  aj)i)roximatcly  the  same  considering  the  dif 
ference  in  size.     The  cubes  were  stored  in  dam]*  sand. 
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Testing  Apparatus  and  Testing. 

The  beams  were  placed  on  supports  forming  a  span  of  12  ft. 
on  the  weighing  table  of  a  200,000-lb.  Olsen  testing  machine,  the 
vertical  loads  being  applied  at  the  one-third  points.  At  the  same 
time  a  thrust  was  applied  horizontally  at  the  ends  of  the  beam  by 
a  hydraulic  jack  working  against  end  blocks  tied  together  by  two 
rods  which  extended  along  the  beam.  The  arrangement  of  the 
apparatus  is  shown  in  Fig.  4.  The  2-in.  rods  passed  through  holes 
in  the  cast-iron  blocks  A,  and  were  secured  by  nuts  on  their  ends. 
Over  the  supports  and  under  the  load  points  the  rods  were  passed 
through  slots  in  the  webs  of  5 -in.  I-beams.  Between  the  flange 
and  the  beam  was  placed  a  piece  of  rubber  belting,  and  the  whole 
held  in  place  by  means  of  bolts  passing  through  straps  bearing 
against  the  opposite  face.  The  hydraulic  jack  was  bolted  in  a 
horizontal  position  to  the  one  block  A,  and  an  auxiliar}-  block  H  to 
the  other.  The  whole  thrust  system,  blocks,  rods  and  hydraulic 
jack,  was  suspended  from  the  ceiling  by  means  of  a  hoist  at  each 
end  and  kept  free  from  the  rest  of  the  apparatus,  except  for  the 
bearing  at  strips  G  through  which  the  thrust  was  transmitted  to 
the  beam.  Since  the  deflection  of  the  weighing  table  produced  by 
the  application  of  vertical  load  would  increase  the  overhead  reac- 
tions and  thus  interfere  with  the  determination  of  the  applied  load, 
a  spring  dynamometer  was  placed  on  each  end  as  shown,  and  its 
reading  kept  constant  by  adjusting  the  hoist. 

The  bearing  blocks  H  were  bedded  in  plaster  of  Paris  and  on 
them  and  central  with  the  height  of  the  beam  were  placed  the  J  by 
J-in.  bearing  strips  G.  For  registering  the  smajler  horizontal 
loads  a  hydraulic  gage  reading  up  to  500  lbs.  per  sq.  in.  was  used, 
and  for  the  larger  loads  a  gage  reading  total  load  in  tons.  Defor- 
mations were  measured  on  a  40-in.  gage  length,  using  roller  exten- 
someters.  Deflections  were  read  with  reference  to  a  thread  fixed 
at  the  mid-depth  of  the  beam  at  the  supports,  and  passing  over  a 
mirror  scale  at  the  center. 

To  counterbalance  the  dead  load  moment  of  the  beam  at  the 
beginning  of  the  test,  to  produce  zero  moment  in  the  gage  length, 
an  upward  force  was  applied  at  the  one- third  points  by  clamping 
the  stirrups  F  to  the  loading  I-beam  and  running  the  pulling  head 
up,  the  loading  I-beam  being  secured  to  the  latter  by  means  of  bolts 
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passing  through  its  flanges.  The  amount  of  uplift  required  is  a 
function  of  the  weight  of  beam,  the  span  and  overhang,  the  gage 
length  and  minor  moments  produced  by  the  loading  and  measuring 
apparatus.  It  is  determined  by  expressing  the  moment  in  terms 
of  these  quantities,  integrating  it  over  one-half  of  the  gage  length 
and  equating  the  integral  to  zero.  For  the  case  in  hand  the 
required  uplift  was  found  to  be  seven-tenths  of  the  weight  of  the 
beam,  leaving  three- tenths  of  its  weight  on  the  weighing  table. 
From  this  point  readings  were  taken  for  load  and  deformations  at 
each  i,ooo-lb.  increment  of  vertical  load,  the  end  thrust  being  kept 
constant  during  the  whole  or  designated  portion  of  the  test. 

Two  specimens  of  each  type  of  reinforcement  were  tested 
under  thrusts  that  were  increased  by  successive  stages  to  produce 
300,  600,  800,  and  sometimes  900  lbs.  per  sq.  in.  of  section,  the 
object  being  to  produce  failure  in  compression.  The  two  remain- 
ing specimens  of  each  type  were  tested  under  a  constant  end  load 
of  approximately  100  lbs.  per  sq.  in.,  and  faUed  in  tension. 

Data  and  Results. 

Auxiliary  Tests. — The  average  compressive  strength  of  the 
6-in.  cubes  was  2,330  lbs.  per  sq.  in.,  that  of  the  8-in.  cylinders  was 
1,740  lbs.  per  sq.  in.,  and  the  average  modulus  of  rupture  of  the 
control  beams  was  345  lbs.  per  sq.  in.  The  average  yield  point 
of  the  steel  reinforcement  in  Beams  451  and  452  was  35,80x3  lbs. 
per  sq.  in.,  that  of  Beams  453  and  454,  41,500  lbs.  per  sq.  in.,  the 
modulus  of  elasticity  being  29,000,000  lbs.  per  sq.  in. 

The  modulus  of  elasticity  of  the  concrete  was  obtained  by 
taking  deformations  over  a  lo-in.  gage  length  in  the  cylinder  tests. 
The  lower  curve  of  Fig.  5  is  the  average  plot  of  ten  tests.  As  seen, 
the  initial  modulus  has  a  value  of  about  2,270,000  lbs.  per  sq.  in. 
and  the  vertex  of  the  parabola  in  the  stress-deformation  curve 
is  located  at  unit  deformation  0.0016,  where  the  modulus  of  elas- 
ticity has  a  value  of  one- half  of  the  initial  modulus.  The  compres- 
sion fiber  of  the  beams  deformed  more  than  the  concrete  in  the 
cylinders,  the  average  for  six  beams  for  which  readings  were 
obtained  near  failure  in  compression  being  0.0026.  The  upper 
curve  of  Fig.  5  was  constructed  by  modifying  and  producing  the 
lower  so  as  to  locate  the  vertex  of  the  parabola  at  unit  deformation 
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0.0026,  the  initial  modulus  remaining  the  same.  The  change  in 
ordinates  was  made  by  swinging  it  through  an  arc  with  reference 
to  its  point  of  zero  deformation.  This  modified  curve  was  used  in 
reducing  unit  deformations  in  the  concrete  of  the  beams  to  the 
corresponding  fiber  stresses. 

Reduction  of  Experimental  Data. — The  position  of  the  neutral 
axis,  the  unit  deformations  and  stresses,  and  center  deflections, 
were  calculated  and  the  results  plotted  against  the  equivalent  one- 
third-point  load.  The  latter  is  obtained  by  adding  to  the  applied 
one-third-point  load,  (i)  the  weight  of  the  beam  multiplied  by  the 
ratio,  average  moment  coefficient  for  uniform  load  (in  the  40-in. 
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Fig,  5. — Modulus  of  Elasticity  of  Concrete. 


gage  length)  to  that  for  one-third  point  loading,  or  0.122/0.167, 
and  (2),  the  one-third-i>oint  load  that  would  produce  the  same 
moment  as  that  caused  by  the  end  thrust  acting  with  a  lever  arm 
et|ual  to  the  average  deflection  in  the  gage  length. 

Comparative  Theoretical  Values. — With  the  aid  of  diagrams 
worked  out  for  each  tyj)c  of  reinforcement,  comparative  theoretical 
values  were  calculated  and  plotted.  Tables  TI  and  IIT  give  sum- 
maries of  loads  and  stresses  for  a  point  at  or  near  the  maximum 
load.  Figs.  6,  7  and  8  show  the  plotted  values  for  three  tests  that 
fairly  represent  the  agreement  that  obtained  between  experiment 
and  theon'. 
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Table  II. — Results  of  Tests  on  Plain  Concrete  Beams. 


Beam 
No. 

Equivalent, 

One-third 

Point   Load, 

lbs. 

Thrust, 
lbs.  per 
sq.  in. 

Compression  in 

Concrete,  lbs. 

per  sq.  in. 

Tension  in 

Concrete,  lbs. 

per  sq.  in. 

> 

Maxi- 
mum. 

Load 
Consid- 
ered. 

Experi- 
mental. 

Theo- 
retical, 
Case  I. 

Experi- 
mental. 

Theo- 
retical, 
CaseL 

• 

450  .  1 
450  .  3 

450  .4 
450  .  5 

2.316 
3.177 

10.980 
5.437 

2.316 
2,477 

8,135 
•1,554 

101 
102 

767 
306 

357 

348 

1,952 
820 

434 

455 

1.890 
940 

230* 
307* 

762* 
402* 

234 

248 

360 
339 

Failure  on  taking  off 

end  load. 
Vertical  load  dropjjed 

600  lbs.  on  cracking 

in  tension. 
Beam    took  1,5C0  Ihs. 

additional     verticul 

load   after  cracking 

in  tension. 
Beam    took    540    lbs. 

additional     vertical 

load  after  cracking 

in  tension. 

*ModuluB  of  Elasticity  assumed  equal  in  tension  and  compression. 


Table  III. — Results  of  Tests  on  Relvforced  Concrete  Beams. 


Beam 
No. 


451.  1 


451 
451 
451, 

451. 
452 

452. 
452. 

452. 
452. 
453. 
453. 
453. 

453. 
454. 
454. 
454. 


4.54 .  3 


Equivalent 

One-third 

Point  Load. 

lbs. 


9,418    4,537|  100 


8,510  7,%7 
14,270  13,473! 
12,8£0  11,545 


5    17,120 
2    12,668 


12,004 
18,450 

17  ,t)(i0 
18 .427 
15.0(58 
15,232 
18,680 

20.095 
l().5f)5 
16,298 
24,127 

24,150 


100 
574 
600 


11,080  800 
10,692|  305 

10,094:  285 
4,382j  101 

15,960|  882 
16,7171  775 
14,449'  94 
14,536196.5 
17,590   767 


18,715:  750 
15.530   ion 
15.542 
22.8071  ' 


23.247:  752 


Compression  in 

Concrete, 
lbs.  per  sq.  in. 


Tension  in  Steel, 
lbs.  per  sq.  in. 


Compression  in 
Steel,  lbs.  sq.  in. 


Theoretical.       "S 


Case    Case 
H.      IIL 


600j   1,020     605*    6.300  19,100;    3,690* 


Theoretical. 


Case 
II. 


Case 
III. 


,-3 

IS 


l,550i  1,910  1,260  36,100  44,800 
2,340  3,040!2,100  34,300:34,000' 
2,530    2,870  1,992    35.00028,000 


2,020    2,720 
1,572    1,900 


1,465 
495 

2.320 
2.110 
1,742 
1,910 
2.980 


1,870 
790 

2,910 
2,940 
2.530 
2.530 
3.570 


2,080 
1,190 


1,170 


1,940 
1,945 
1,745 
1,745 
2.670 


18,600:i4,750 
33,600j37,200i 

38,400:39,000 


590*   4,680  18,100 


30.500i20.400 
32 ,500  33  .50(1 


38,100 
37,700 
35,300 


41.200 
39.800 
26.300 


2.940  3.670  2. ()80  35 ,200  2(i  ,900 

l.tiSo,  2,150  1.320  42  ,.'^0(1, 44  ,200 

1.805;  2,22011,365  4 1  ,i)00  45 .700 

2.8IO!  3.5802,340  36,700:36.400 

2,530  3,39012,215  40,800!36.600 


46,000 
40,100 
33,100 


21 ,200  . . . 

39,700  '17,350 

40.800  14,620 
4,960*    4,720 

31,800  33,500 

38,800  30,500 

44,600  ... 

43 ,600  . . . 

31 ,000  . . . 


Theoretical. 


Case    Ca.ne 
II.       III. 


31.200 
46.500 
47,300 
40.200 


120,000  18.400  23,600 
21,600  18.100  23.500 
Past   33  ,900  44  .800 
Y.P,  ' 
40,750    39,600  30.900  41  ,200 


15,500 

14.600 
*0,060 


27,200 
27,600 


19,700 


19,700 
4,740 


35,000 
37,400 


Manner 

of 
Failure 


Tension 
in  Steel 


t  Compres- 
sion 

Tension 
in  Steel 

{Conipre^ 
sion 

{Tension 


Conipri's- 
sion 

Tension 

Compres- 
sion 
fTonsion 


♦Case  I. 

tThrust  at  failure  =  900  lbs.  i)er  sq.  in. 
tThrust  at  failure  =  S05  lbs.  per  sq.  in. 
§Followcd  by  compression  failure. 


6o4 


Ingberg  on  Flexure  and  Direct  Stress. 


Manner  of  Failure. — ^The  plain  beams  failed  in  tension  by 
cracking  up  to  the  neutral  axis  at  a  load  that  produced  a  theoretical 
tensile  stress  in  the  lower  fiber  a  little  higher  than  that  obtained 
from,  the  control  beams.  The  unit  elongation  of  the  tension  fiber 
at  failure  was  indicated  to  be  about  0.0002.    The  ratio  of  eccen- 


S 


0.4a 


1.20 
2800 


(—  300 
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0         2000      4000      6000,    eOOO      6000      0000      10000     leooo 

Equivalent  %?\.  Load,  lbs. 

—0—0  Cxptrimantal 
-  «    »     Theortficol 

Pio.  6. — Beam  450  .  4;  Plain  Concrete. 


tricity,  M/Nh,  at  failure  in  tension  was  0.25,  0.365  and  0.74  for 
thrusts  of  770,  306  and  102  lbs.  per  sq.  in.,  respectively. 

As  noted  in  Table  II,  the  beams  under  high  thrust  took  an 
increment  of  vertical  load  after  failing  in  tension.  The  actual 
moment  on  the  section  was,  however,  less  than  before,  since  the 
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thrust  produced  a  negative  moment  with  reference  to  the  intact 
section,  which  counteracted  the  moment  produced  by  the  vertical 
load. 

The  reinforced  beams  behaved  in  a  similar  manner  at  maxi- 
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O    0.60 
1.00 
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2800 


,E  2400 


Thrust = 96  lbs.  per  sq.in.  of  Section 
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36000 
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Pio.  8. — Beam  453  .  1 ;  Reinforced  Bottom  Only. 
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mum  load  when  failing  in  tension.  They  continued  taking  a 
vertical  load,  equal  or  nearly  equal  to  the  maximum,  until  the 
deflection  became  so  large  that  the  test  could  not  be  further  con- 
tinued. In  some  cases  there  are  indications  that  an  increment 
of  load  was  taken  after  the  steel  had  reached  the  yield  point.  The 


Diff. 

Per  cent 

—  8,700 

-24.1 

+     300 

+    0.9 

—  3,600 

-10.7 

—    600 

—    1.6 

Ingberg  on  Flexure  and  Direct  Stress.  607 

compression  failures  were  more  sudden  and  in  a  few  cases  produced 
complete  fracture.  For  the  beams  with  compressive  reinforcement 
the  fracture  was  not  complete,  but  a  large  drop  in  the  load  was 
obtained. 

Table  IV. — Comparison  of  Experimbnt  with  Theory. 

Group  I. — One-Half  Per  Cent.  Reinforcement,  Tension  Failures. 

Tension  in  Steel,  lbs.  per  sq.  in. 
Beam  No.        Experiment.  Case  II. 

451    .   2  36,100  44,800 

451  ■  4  34.300  34,000 

452  .   2  33.600  37.200 
452   •   5                38.400                   39.000 

Average  9.3 

Group  II. — One-Half  Per  Cent.  Reinforcement,  Compression 

Failures. 

Tension  in  Steel,  lbs.  per  sq.  in. 
Beam  No.         Experiment.  Case  III. 

451   •  3  35.000  33.100 

451  .  5  18,600  21,200 

452  ■  3  30,500  31,800 

Average  6.56 

Group  III. — One  Per  Cent.  Reinforcement,  Tension  Failures. 

Tension  in  Steel,  lbs.  per  sq.  in. 
Beam  No.         Experiment.  Case  II. 

453  ■    J  38.100  41,200 

453  ■   2  37.700  39.800 
554  •   I                 42,300  44,200 

454  •  4  41,900  45,700 

Average  6.68 

Group  IV. — One  Per  Cent.  Reinforcement,  Compression  Failures 

Tension  in  Steel,  lbs.  per  sq.  in. 
Beam  No.  Experiment.  Case  III. 

453    ■   3  35.300  31,000 

453  •   4  35,200  31.200 

454  •    2  36,700  40,200 
454   •   3                  40,800  40,750 

Average  8.00 


Diff. 

Per  cent. 

-)- 1,900 

+    5-42 

—  2,600 

— 14.00 

+  1,300 

-f-   426 

Diff. 

Per  cent. 

2,900 

•     —7.62 

2,100 

-556 

1,900 

—  4-50 

3,800 

-905 

Diff. 

Per  cent 

+4,300 

+  12.2 

+4,000 

+  11-35 

—  3.500 

-    9-95 

+      50 

+    O.OI 
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Diagonal  Tension. — No  failure,  was  due  to  diagonal  tension. 
The  highest  shear  was  obtained  with  Beam  454  .  3  with  the  thrust 
at  760  lbs.  per  sq.  in.  and  the  shear  at  120  lbs.  per  sq.  in.  of  section. 
The  neutral  axis  was  0.39  h  from  the  top  and  the  tension  in  the 
steel  was  42,000  lbs.  per  sq.  in.  The  highest  shear  with  low 
thrust,  obtained  with  beam  454  .  i,  was  93  lbs.  per  sq.  in.  of  section, 
thrust  100  lbs.  per  sq.  in.  Two  diagonal  cracks  four  inches  long 
were  formed  at  seven-eighths  of  the  maximum  load,  but  these  did 
not  open  up  farther  until  failure  in  tension  occurred.  These 
beams  had  f-in.  vertical  U-stirrups  spaced  4  ins.  center  to  center. 

Comparisons. — Table  IV  gives  a  comparison  of  experiment 
with  theory  obtained  from  the  values  in  Table  III.  Beams  45 1  .  i 
and  451 . 2  are  excluded  because  they  were  subjected  to  repetitive 
loading. 

Conclusions. — Considering  the  errors  involved  in  the  deter- 
mination of  load,  deformation,  and  modulus  of  elasticity,  as  well 
as  those  due  to  assumptions  with  reference  to  the  distribution  of 
stresses  across  the  section  and  over  the  gage  length,  the  above 
seems  a  fair  agreement  between  experiment  and  theory,  and 
justifies  the  conclusion  that  the  formulas  for  flexure  and  direct 
stress  as  they  apply  to  concrete  and  reinforced  concrete  will  give 
values  for  the  stresses  in  the  materials  well  within  the  limit  of 
accuracy  required  in  design. 


THE  VALUE  OF  THE  SULPHURIC  ACID 
CORROSION  TEST. 

By  C.  M.  Chapman. 

There  is  no  doubt  of  the  great  demand  that  exists  for  accele 
rated  tests  of  materials  of  construction  and  preservation.  This 
demand  is  not  limited  to  any  one  branch  of  industry  or  class  of 
materials;  it  is  an  urgent  need  that  is  heard  of  on  every  side. 
Both  producers  and  consumers  are  greatly  interested  in  any  method 
that  vv^ill  enable  them  to  determine  in  a  comparatively  short  time 
what  the  effect  of  natural  wear  and  tear  will  be  upon  the  material 
in  question,  or,  in  other  words,  what  "sen'ice"  may  be  expected 
of  it.  Many  tests  have  been  devised  and  are  in  every-day  use, 
apparently  giving  satisfactory  results.  The  older  materials  of 
construction,  such  as  stone,  brick,  mortar,  wood,  etc.,  have  been 
in  general  use  so  many  generations  that  their  qualities  have  be- 
come well  known  and  opinions  as  to  the  service  that  may  be  ex- 
pected of  them  have  become  settled.  Not  so  with  the  recently 
developed  and  the  now-being-developed  products.  Users  are 
skeptical  of  the  service  the  new  product  will  render.  This  skepti- 
cism is  often  fostered  by  the  extravagant  claims  of  the  makers  of  the 
new  products.  A  service  test  is  the  only  certain  method  of  demon- 
strating the  true  wearing  qualities  of  the  product,  but  a  service  test 
may  require  years  to  give  the  desired  information.  The  result 
is  that  an  accelerated  test  is  devised  which  seems  feasible  and 
according  to  some  theory  or  other  seems  to  subject  the  product 
to  such  intensified  conditions  that  in  a  short  time  it  receives  as 
much  damaging  action  as  it  would  receive  during  a  long  period  in 
service.  There  can  be  no  doubt  as  to  the  value  of  such  tests, 
provided  they  are  not  misleading.  It  is  highly  desirable  to  have 
such  tests  for  a  great  many  products,  but  it  is  much  to  be  regretted 
that  so  many  of  the  accelerated  tests  now  in  use  give  results  which 
bear  little  or  no  relation  to  the  results  obtained  in  service. 

In  some  cases  materials  are  tested  for  a  quality  which  in  ser- 
vice they  are  not  called  upon  to  develop.  The  list  of  false  or  mis- 
leading tests  which  might  be  cited  in  this  connection  is  a  long  one. 
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Probably  the  most  notable  case  of  testing  a  material  for  a  quality 
which  is  not  required  in  service  is  that  of  subjecting  cement 
to  a  tensile  test. 

Of  the  many  examples  of  misleading  tests  there  is  one  which. 
more  than  others,  has  come  to  the  notice  of  Westinghouse, 
Church,  Kerr  and  Company.  Users  of  sheet  iron  and  steel  have 
been  persuaded  to  believe  that  a  metal  which  will  best  stand  the 
sulphuric  acid  test  as  outlined  in  the  Proceedings  of  the  Society, 
Vol.  VII,  1907,  p.  231,  is  the  one  which  will  last  longest  under  the 
usual  conditions  of  weather  exposure.  With  this  belief  in  their 
minds  they  have  purchased  at  greatly  advanced  prices  metal  which, 
while  it  would  stand  the  sulphuric  acid  test  admirably,  was  possi- 
bly no  better  suited  to  withstand  the  corrosive  action  of  the  parti- 
cular exposure  for  which  it  was  purchased  than  other  metals  pur- 
chasable at  much  lower  prices. 

This  sulphuric  acid  test  may  be  briefly  described  as  follows: 
Samples  of  the  metals  to  be  tested  are  prepared  by  polishing  their 
surfaces  with  fine  emery,  rubbing  in  a  direction  at  right  angles  to 
the  direction  in  which  the  metal  was  rolled.  The  size  of  the  test 
piece  recommended  is  tV  by  ^  by  2  ins.  After  careful  weighing. 
these  small  plates  are  immersed  in  a  20-per  cent,  solution  of  chemi- 
cally pure  sulphuric  acid  for  one  hour  at  a  temperature  of  15°  C. 
They  are  then  removed  from  the  acid,  washed,  dried,  and  again 
weighed.  The  loss  in  weight  is  taken  as  an  indication  of  the  ability 
of  the  metal  to  withstand  corrosive  influences. 

To  demonstrate  the  differences  between  two  methods  of  test- 
ing, namely,  the  weather  exposure  test  and  the  sulphuric  acid  test, 
there  are  shown  in  Fig.  i  photographs  of  two  plates,  one  of  im- 
proved iron  and  one  of  common  steel,  showing  results  of  weather 
exposure  for  eighteen  months.  The  improved  iron  contained  only 
minute  quantities  of  impurities;  the  steel  analyzed  about  0.06  per 
cent,  carbon,  0.095  P^^  cent,  phosphorus,  and  0.38  per  cent,  man- 
ganese. These  plates  were  clean  and  new  when  exposed  side 
by  side  on  the  roof  of  the  Maritime  Building  at  the  southern 
extremity  of  Manhattan.  They  seemed  to  be  rather  free  from 
mill  scale,  but  any  mill  scale  present  was  left  on,  as  it  usually  would 
be  in  practice.  They  were  exposed  at  an  angle  of  45  degrees, 
facing  south.  This  exposure  is  a  rather  severe  one  because  of  the 
fogs,  smoke,  and  the  salt  air  from  the  bay,  all  of  which  are  present 
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in  this  locality.  At  the  end  of  eighteen  months  they  were  removed 
and  their  surfaces  briskly  brushed  with  a  wire  brush  until  the  rust 
was  removed  and  the  surface  of  the  metal  brought  to  a  polish.  A 
careful  examination  of  these  plates  fails  to  show  any  considera- 
ble difference  in  the  corrosion  and  pitting  which  has  taken  place. 
As  far  as  the  eye  can  distinguish,  each  plate  has  rusted  to  the  same 


(a)  Common  Steel.  (b)  Improved  Iron. 

Fig.  I. — Showing  Results  of  Weather  Exposure  for  Eighteen  Months. 

extent.  The  depth  and  size  of  the  pits  formed  by  rust  on  the  sur- 
faces of  these  two  plates  are  very  nearly  the  same,  but  careful  com- 
parison shows  slightly  larger  and  deeper  marks  on  the  surface  of  the 
improved  iron  than  on  the  surface  of  the  common  steel. 

Having  thus  compared  the  ability  of  the  two  metals  to  with- 
stand the  action  of  the  weather,  a  sulphuric  acid  test  was  made  on 
parts  of  the  same  plates  which  had  been  exposed  to  the  weather. 
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Strips  cut  from  the  ends  of  these  plates  were  prepared  as 
above  described,  brought  to  about  the  same  weight,  and  immersed 
in  dilute  sulphiunc  acid  until  one  of  them  was  nearly  destroyed, 
while  the  other  had  lost  only  7  per  cent,  in  weight.  At  the  end  of 
the  one-hour  period  prescribed  by  the  test,  the  improved  iron  had 
lost  0.83  per  cent,  while  the  common  steel  had  lost  6.7  per  cent. 


(a)  Common  Steel.  (b)  Improved  Iron. 

Fig.  2. — Showing  Results  of  Acid  Test  for  Twelve  Hours. 

Fig.  2  shows  the  two  sp)ecimens  as  they  appeared  after  being 
subjected  to  the  acid  test  for  twelve  hours. 

It  is  quite  unnecessary  to  point  out  that  although  weather  ex- 
posure caused  approximately  the  same  amount  of  rusting  and  pit- 
ting on  the  two  plates,  yet  under  the  acid  test  one  was  attacked 
several  times  as  violently  as  the  other. 

The  makers  of  this  improved  iron  claim  that  it  is  much  more 
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resistant  to  the  corroding  influences  usually  met  with  in  service 
than  are  any  of  the  ordinary  grades  of  iron  or  steel,  and  they  back 
up  their  claims  by  citing  the  sulphuric  acid  test  as  an  indicator 
of  the  relative  resistance  of  their  metal  to  corrosion  under  service 
conditions. 

We  do  not  wish  to  be  understood  as  claiming  that  the  sulphuric 
acid  test  is  useless  or  that  when  properly  used  it  may  not  give  use- 
ful information,  but  we  do  wish  to  call  attention  to  its  utter  in- 
ability to  give  a  reliable  indication  of  the  relative  ability  of  metals 
to  withstand  the  corrosive  action  of  exposure  to  the  weather. 


DISCUSSION, 


Mr.  Cushmaii,  Mr.  A.  S.  CusHMAN  {hy  letter). — I  do  not  care  to  discuss 
Mr.  Chapman's  conclusions  in  regard  to  the  acid  test  except  to 
state  that  I  do  not  believe  that  the  acid  test  should  ever  be  used 
as  the  sole  basis  for  specification.  Taken  in  connection  with 
other  data,  however,  I  think  the  acid  test  capable  of  furnishing 
information  which  may  be  of  value  under  certain  circumstances. 
With  regard  to  Mr.  Chapman's  roof  rusting  tests,  I  do  not  believe 
that  conclusions  drawn  upon  them  are  justified  by  the  facts. 
A  very  comprehensive  series  of  tests  on  much  larger  test  pieces 
which  have  been  under  my  supervision  and  which  are  not  yet 
completed,  are  giving  indications  at  variance  with  Mr.  Chapman's 
observations  on  his  two  small  test  pieces.  I  believe  the  subject 
to  be  an  important  one  and  that  judgment  and  conclusions  should 
be  reserved  until  more  data  are  in  hand. 

Mr.  F.  N.  Speller  {by  letter). — The  accelerated  acid  test 
was  first  discussed  by  the  Committee  on  Corrosion,  American 
Society  for  Testing  Materials,  in  1907.  Since  then  numerous 
comparative  tests  have  been  made,  the  majority  of  which  show 
that  the  acid  test  points  to  the  opposite  conclusion  to  that 
arrived  at  under  natural  corrosion  conditions,  that  is,  where  air 
and  water  are  the  controlling  factors.  It  is  evident  to  me  after 
studying  a  few  hundred  of  such  comparisons  that  the  general 
application  of  the  acid  test  is  impossible.  If  the  comparisons 
be  limited  to  iron  or  steel  made  by  the  same  process,  the  test 
may  yet  prove  to  have  value;  but  to  compare  Bessemer  steel 
or  wrought  iron  with  soft  open-hearth  steel  or  ingot  iron  on 
the  basis  of  the  acid  test,  is  certainly  unfair  and  misleading. 
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THE  MARKED  INFLUENCE  OF  COPPER  IN  IRON  AND 
STEEL  ON  THE  ACID  CORROSION  TEST. 

By  W.  H.  Walker. 

The  unwarranted  use  which  has  in  the  past  few  years  been 
made  of  the  name  of  the  American  Society  for  Testing  Materials 
in  urging  the  validity  of  the  so-called  acid  corrosion  test,  concern- 
ing which  defmite  action  has  been  taken  at  the  present  meeting 
in  the  report  of  Committee  A-5  on  the  Corrosion  of  Iron  and 
Steel  *  of  this  Society,  has  made  the  Society  unwittingly  more  or 
less  responsible  for  two  rather  grave  errors.  These  are,  first,  that 
the  rapidity  with  which  a  given  sample  of  iron  or  steel  dissolves 
in  acid  measures  its  tendency  toward  natural  corrosion,  and 
second,  that  a  low  acid  test  is  an  index  of  great  purity  of  the 
specimen,  i.  e. ,  of  an  extraordinarily  high  content  of  iron.  Enough 
data  are  now  available  to  show  the  unreliability  of  the  first 
assumption,  and  it  is  the  purpose  of  this  paper  to  show  the  fallacy 
of  the  second. 

In  investigating  samples  of  iron  and  steel  which  had  with- 
stood corrosion  for  years,  and  which  notwithstanding  dissolved 
in  acid  very  readily,  together  with  samples  which  withstood  solution 
in  acid  in  a  remarkable  manner,  and  yet  were  rusting  at  the  ordi- 
nary rate,  it  was  found  that  the  acid-resisting  specimens  contained 
in  every  case  a  substantial  amount  of  copper;  i.  e.,  the  presence 
of  copper  seemed  to  be  the  controlling  factor  in  the  resistance  to 
solution  in  acid. 

Upon  examining  the  literature  on  the  subject,  sufficient  data 
to  justify  this  conclusion  were  found.  A  number  of  investigators 
have  studied  the  matter,  and  the  results  of  all  are  fairly  well  pre- 
sented in  the  Carnegie  Research  Report  of  Pierre  Breuil  on  Copper 
Steels,  in  the  Journal  of  the  Iron  and  Steel  Institute  of  Great 
Britain  for  1907.  It  is  here  found  that  small  amounts  of  copper  in 
iron  or  steel  greatly  reduce  the  tendency  to  pass  into  solution  in 
acid. 

*  See  p.  loo. — Ed. 
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In  order  to  determine  whether  there  is  any  foundation  for  the 
alleged  fact,  so  widely  disseminated,  that  a  highly  acid-resisting 
iron  or  steel  is  necessarily  a  verj'  pure  product,  the  writer  suc- 
ceeded in  having  a  number  of  heats  made  in  a  basic  open-hearth 
furnace  under  ordinary  conditions  from  ordinary  materials  into 
which  metallic  copper  was  added  a  little  before  or  during  tapping. 
The  treatment  of  the  product  in  the  bar  and  sheet  mills,  and  in  the 
annealing  operation,  was  in  every  case  as  nearly  identical  as  could 
be  maintained.  Although  as  the  work  developed  many  heats 
were  made,  the  results  were  so  uniform  that  only  a  few  will  be 
presented  in  Table  I. 

Table  I. — Loss  in  "Weight  in  2o-per  cent.  Sulphuric  Acid 
IN  Three  Hours. 


c 

Mn 

S 

P 

Cu 

Loss,  grams. 

A 

0.08 
0.08 
0.10 
0.09 

0.50 
0.50 
0.41 
0.31 

0.018 
0.018 
0.027 
0.031 

0.017 
0.017 
0.026 
0.063 

6!2i 

0.19 
0.19 

0.2235 

Aa 

0  0076 

b!....  ::::::; 

0.0082 

c 

0.0095 

The  influence  of  small  amounts  of  copper  in  these  heats  is 
truly  remarkable  and  shows  conclusively  that  this  wonderfully 
slight  tendency  to  dissolve  in  acid  is  not  indicative  of  great  purity. 

Inasmuch  as  the  presence  of  metallic  copper  in  contact  with 
iron  greatly  increases  the  rapidity  with  which  such  iron  will  dissolve 
in  acid,  it  at  first  seems  surprising  that  in  this  case  copper  should 
retard  the  action.  But  we  have  a  direct  analogy  in  the  case  of 
zinc  and  copper.  Zinc  free  from  iron  dissolves  in  acid  very 
slowly;  mix  with  it  some  metallic  copper,  however,  and  solution 
is  greatly  accelerated.  But  make  an  alloy  of  the  two,  namely 
brass,  and  the  solvent  action  of  the  acid  is  negligible.  So  long  as 
copper  is  not  added  to  iron  or  steel  in  excess  of  the  amount  which 
can  remain  homogeneously  alloyed  therewith,  the  writer  can  see  no 
reason  why  there  may  not  be  an  advantage  in  its  use.  But  such 
advantage  cannot  be  ascribed  to  purity,  but  rather  to  what  we  may 
call  a  ferro-brass  of  small  copi)cr  content.  Reasoning  from  analogy 
with  zinc,  pure  iron  should  dissolve  in  acid  very  slowly;  but  the 
converse  is  here  shown  not  to  be  true,  namely,  that  a  slow  dis- 
solving iron  or  steel  is  on  this  account  to  be  considered  an  ex- 
ceptionally pure  product. 


DISCUSSION. 


Mr.  a.  S.  Cushman  {in  the  Chair). — The  Chairman  would  The  chairman 
again  like  to  caution  the  members  of  the  Society  against  draw- 
ing conclusions  based  upon  the  results  of  one  analysis  or  one 
test.  The  oxygen  content  of  these  samples  is  not  shown. 
Very  pure  irons  have  very  high  resistance  to  solution  in  acid. 
If,  however,  there  should  happen  to  be  an  oflf  heat  made  which 
was  not  as  well  deoxidized  as  a  normal  heat  would  be,  the 
solubility  in  acid  would  be  surprisingly  higher  than  that  of 
one  which  had  been  more  thoroughly  deoxidized.  As  we 
approach  chemical  purity  in  iron,  as  in  zinc,  the  higher  the 
purity  the  greater  the  resistance  to  attack  by  acid.  In  order 
that  the  metal  may  dissolve  quickly  in  acid,  hydrogen  must 
depolarize  rapidly  from  the  surface.  If  for  any  reason  hydrogen 
does  not  disengage  and  leave  the  surface,  the  solution  in  acid  will 
slow  down  or  perhaps  cease  entirely.  Very  pure  irons  are  highly 
resistant  to  attack  by  acid.  We  do  not  have  to  depend  on  enter- 
ing the  alloy  field  and  the  addition  of  copper  in  order  to  make 
iron  highly  resistant  to  acid  corrosion.  I  am  not  now  entering 
the  discussion  as  to  relative  atmospheric  corrosion  as  between 
iron  and  steel;  but  I  am  discussing  the  effect  of  copper  on  the 
solubility  in  dilute  acids.  It  is  well  known  that  the  addition  of 
a  quarter  of  one  per  cent,  of  copper  will  wonderfully  reduce  the 
solution  pressure  of  steel  in  acid.  This  is  probably  due  to  the 
fact  that  we  have  entered  the  alloy  field  and  are  dealing  with  a 
substance  of  low  solution  pressure.  The  fact  remains  that  it 
has  been  possible  to  make  very  pure  iron  practically  free  from 
copper  in  the  open-hearth  furnace  which  possesses  a  high  resist- 
ance to  acid  solution.  The  effort  has  been  made  to  have  it  appear 
that  this  resistance  is  due  to  the  copper  content,  but  I  can  assure 
you,  as  the  result  of  investigations  the  exact  figures  of  which  I 
am  not  armed  with  to-night,  that  very  pure  iron  practically 
free  from  copper  has  been  produced  which  has  as  high  an 
acid  resistance  as  any  steels  that  have  been  alloyed  purposely 
with  copper. 
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Mr.  Aupperie.  Mr.  J.  A.  AuppERLE  {by  letter). — The  analysis  of  the  various 

grades  of  iron  and  steel,  submitted  by  the  author,  does  not 
include  the  oxygen  content,  which  is  unfortunate,  as  oxygen 
exerts  many  times  the  effect  of  copper.  Oxygen  in  iron  accele- 
rates solution  in  sulphuric  acid,  while  copper  retards  solution. 
Ingot  iron  containing  a  trace  of  oxygen  and  no  copper  will  resist 
the  action  of  sulphuric  acid  much  better  than  ingot  iron  contain- 
ing 0.05  per  cent,  oxygen  and  copper  as  high  as  1.35  per  cent. 

I  will  submit  data  showing  pure  iron  obtained  by  electro- 
lysis and  free  from  copper,  which  is  less  soluble  in  sulphuric 
acid  than  iron  containing  up  to  1.35  per  cent,  copper.  I  will 
also  show  that  Swedish  iron  containing  0.43  per  cent,  copper  and 
fairly  high  oxygen  dissolves  6.6  times  more  rapidly  in  sulphuric 
acid  than  iron  low  in  oxygen  and  free  from  copper.  This  Swedish 
iron  is  extremely  pure,  except  with  respect  to  copper.  The  oxygen 
content  is,  however,  much  higher  than  in  ingot  iron,  which 
accounts  for  the  rate  of  solution  in  sulphuric  acid. 

In  Table  I  the  losses  in  sulphuric  acid  can  be  graded 
according  to  oxygen  contents,  but  not  according  to  copper 
contents.  I  am  not  claiming  that  the  addition  of  copper  to 
ingot  iron  or  steel  will  not  make  a  metal  less  soluble  in  sulphuric 
add.  I  claim  that  pure  iron,  free  from  copper,  is  less  soluble 
than  high-copper,  impure  iron  or  steel.  Copper  can  be  added 
to  an  impure  metal  and  make  it  less  soluble  in  sulphuric  acid. 

Table  I. — Showing  Analysis  and  Solubility  op  i6-gage,  i-by  2-in. 

Sample  in  25  per  cent,  by  Volume  of  Sulphuric  Acid  at 

60°  C.    Time  of  Immersion,  Four  Hours. 

Analysis  and  Sulphuric  Acid  Test. 
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P 

C 

Mn 

0 

Cu 

N 

I..oaa. 
p«rc't. 

Anwriokii  ingot 

0.003 
O.OOU 
0.010 
0.076 
O.OOA 
0.004 
0.005 
traoo 

0.021 
0.001 
0.007 
0.000 
0.023 
0.021 
0.U32 
0.040 

0.002 
0.005 
0.032 
0.072 
0.003 
0.004 
0.002 
0.023 

0.010 
0.000 
0.050 
0.010 
0.015 
0.015 
0.010 
0.125 

trace 
0.000 
0.000 
0.010 
0.030 
0.040 
0.020 
0.51 

0.027 
0.032 
0.058 
0.145 
0.042 
0.050 
0.000 
0.030 

0.05 
0.00 
0.43 
0.03 

o.3sa 

1.35 
0.20 
0.25 

0.0050 
0.0030 
0.0047 

2.40 

ElecUolyticIruD. 

RwedUh  iron 

Puddlod  roD 

Copper  incot  iron 
Copper  ingot  iron 
Copper  ingot  iron 

7.01 
40.00 
100.00 
O.ll 
7.40 
0.04 
7.61 

In  order  to  prove  that  the  rate  of  solution  of  iron  depends 
largely  upon  the  oxygen  content,  five  samples  of  ingot  iron 
containing  various  percentages  of  oxygen  were  subjected  to  an 
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acid  test.     It  was  found  that  the  iron  containing  the  highest  Mr.  Aupperu 
percentage  of  oxygen  dissolves  ten  times  more  rapidly  than  the 
lower  oxygen  material.     This  high  oxygen  iron  "E"  also  con- 
tained the  lowest  copper. 

It  was  a  simple  matter  to  prove  that  the  high  solubility 
of  "E"  was  due  to  the  high  oxygen  and  not  to  the  absence  of 
copper.  By  heating  "E"  for  one  hour  at  850°  C.  in  an  atmos- 
phere of  pure  hydrogen,  deoxidizing  it,  and  then  subjecting  to 
the  acid  test,  it  was  found  to  be  more  acid  resisting  than  any 
of  the  other  samples,  notwithstanding  the  fact  that  it  con- 
tained the  lowest  copper  content.  The  rate  of  solubility  was 
one-fortieth  as  much  as  the  same  material  not  deoxidized. 

Table  II  shows  the  influence  of  oxygen  in  increasing  the 
solubility  of  iron  in  sulphuric  acid: 


Table  II. — Showing  Percentage  of  Losses   on  i6-gage,  i-  dy  2-in.  Ingot 
Iron,  when  Immersed  in  25  Per  cent.  Sulphuric  Acid,  at  60°  C. 


Analysis. 


Time. 

A 

B 

C 

D 

E 

0.30 
0.72 
2.40 

0.30 
0.71 
3.12 

0.33 
0.89 
2.21 

0.53 
2.08 
6.74 

0  87 

9  20 

27.77 

0.70 

Sulphur 

Phosphorus 
Carbon .... 
Manganese. 
Oxygen .  .  . . 
Copper 


A 

B 

C 

D 

0.015 

0.023 

0.028 

0.025 

0.002 

0.003 

0.005 

0.003 

0.01 

0.01.5 

0.010 

0.010 

trace 

0.015 

0.030 

0.030 

0.023 

0.028 

0.040 

0.047 

0.14 

0.065 

0.100 

0.100 

E 

0.020 
0.004 
0.010 
0.025 
0.069 
0.021 


Mr.  Cushman  (by  letter). — Mr.  Walker  has  called  attention  Mr.  Cushoaa. 
in  this  paper  to  the  well-known  fact  that  a  copper-iron  alloy 
containing  about  a  quarter  of  a  per  cent,  of  copper  is  singularly 
resistant  to  attack  by  dilute  sulphuric  acid.  This  subject  has 
been  referred  to  in  my  own  paper  which  is  printed  in  this  \ol- 
ume.*  Mr.  Walker  states  that  ciough  data  are  now  available 
to  show  the  fallacy  of  any  claim  that  a  low  acid  test  is  an  index 
of  great  purity  of  the  specimen,  i.  e.,  of  an  extraordinarily 
high  content  of  iron. 


♦Seep.  387  .—Ed. 
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Mr.  Cushman.  It  is  my  Opinion  that  Mr.  Walker  is  giving  a  wrong  impres- 

sion by  this  unqualified  statement.  There  is  certainly  insufficient 
evidence  set  forth  in  his  paper  to  support  any  such  sweeping 
conclusion.  It  may  be  freely  admitted  that  a  coppered  steel 
containing  about  a  quarter  of  one  per  cent,  copper  is  far  more 
resistant  to  the  attack  of  acid  than  an  ordinary  steel.  It  is 
probable  that  nearly  all  the  steel  made  to-day  will  carry  small 
fractions  of  a  per  cent,  of  copper.  This  is  owing  to  the  fact 
that  much  of  the  pig  iron  and  almost  all  of  the  steel  scrap  used 
contains  more  or  less  copper.  It  is  almost  certain,  however, 
that  when  a  steel  is  found  to  contain  0.20  per  cent,  or  more  of 
copper,  it  has  either  been  deliberately  added  by  the  manu- 
facturer or  some  carelessly  mixed  scrap  has  been  used  in  the 
furnace.  In  either  case,  the  product  is  exceptional,  and  is  not 
to  be  compared  with  the  general  run  of  commercial  steels  or 
irons.  As  Mr.  Walker  himself  points  out,  we  have  in  such  a 
case  to  do  with  a  "  ferro-brass"  of  small  copper  content,  which 
may  or  may  not  be  of  commercial  value.  Irons  of  extraordinary 
purity  have  a  very  high  resistance  to  acid  attack,  and  do  not 
depend  in  this  respect  upon  the  formation  of  a  special  alloy. 

No  one  would  be  so  foolish  as  to  deUberately  add  expensive 
copper  to  steel,  except  for  experimental  purposes,  until  some 
desired  end  could  be  attained  by  so  doing.  Steel  manufacturers 
generally,  and  Mr.  Walker  himself,  do  not  believe  that  the  acid 
test  bears  a  relation  to  service  corrosion  resistance.  Therefore, 
the  production  of  coppered  steels  can  only  be  considered  an 
attempt  to  duplicate  the  extraordinary  acid  resistance  of  the  very 
pure  commercial  irons.  The  writer  does  not  go  as  far  as  some 
authorities  in  condemning  the  acid  test.  He  is  on  record  as 
stating  that  it  is  a  helpful  test  when  properly  used  and  inter- 
preted. While  it  should  not  be  used  as  a  sole  criterion  for  speci- 
fication, other  things  being  equals  it  is  capable  of  furnishing 
information  of  some  value.  Other  things  are  not  equal,  however, 
when  comparing  a  "  ferro-brass "  with  the  ordinary  run  of 
commercial  steels  and  irons. 

It  is  to  be  hoped  that  Mr.  Walker's  statements  will  be 
accepted,  only  as  qualified  by  these  considerations. 

Mr.  Waiktr.  Mr.  W.  H.  Walker  {by  letter). — The  foregoing  discussion 

serves  but  to  obscure  the  point  of  my  paper,  which  is  simply 
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this, — that  a  high  resistance  to  solution  in  acid,  when  shown  by  a  Mr.  waikw. 
sample  of  iron  or  steel,  is  not  in  itself  a  proof,  or  even  an  indi- 
cation, of  great  purity.  It  is  well  known  that  the  country  has 
been  flooded  with  advertising  literature  the  burden  of  which  is 
that,  if  a  sample  of  iron  or  steel  shows  a  marked  resistance  to 
solution  in  acid,  it  is  for  this  reason  proven  to  be  very  pure; 
and  this  notwithstanding  the  fact  that  the  material  advertised 
as  exceptionally  pure  carried,  as  a  rule,  from  o.io  to. 0.20  per 
cent,  copper.  My  paper  was  intended  to  point  out  the  fact 
that  purity  is  not  assured  by  such  an  acid  test,  unless  the  word 
"pure"  is  taken  to  mean  absence  of  impurities  other  than 
copper. 

It  is  not  obvious  wherein  these  statements  are  changed 
when  "qualified  by  the  considerations"  contributed  by  Mr. 
Cushman. 


SOME    TESTS    ON    THE    RATE    OF    CORROSION    OF 
METALS  EXPOSED  TO  LOCOMOTIVE  GASES. 

By  A.  W.  Carpenter. 

The  problem  of  finding  a  suitable  metal  for  structural  pur- 
poses, not  prohibitive  in  cost,  which  will  resist  corrosion  when 
exposed  to  locomotive  gases,  is  important  to  railroads  on  account 
of  the  necessity  for  the  use  of  metal  in  constructions  where  it  is 
so  exposed.  In  engine-house  construction  especially  is  there 
need  of  such  a  metal,  both  for  the  fastening  of  timber  and  other 
non-corrosive  materials  and  for  smoke-jacks.  Such  a  metal  is 
also  in  demand  for  bridge  construction  over  steam-operated  tracks 
and  in  other  similar  structures. 

In  order  to  get  first-hand  information  as  to  the  resistance  of 
metals  to  corrosion  in  such  an  exposure,  tests  have  been  made  in 
the  Engineering  Department  of  the  New  York  Central  and  Hudson 
River  Railroad,  Mr.  George  W.  Kittredge,  Chief  Engineer,  which, 
while  perhaps  crude  and  limited,  still  are  thought  to  give  some 
valuable  information  both  as  to  the  rate  of  corrosion  of  the  metals 
tested  and  the  comparative  rate  of  corrosion  of  iron  and  steel. 

The  tests  were  made  in  the  foUowmg  manner:  Pieces  of  the 
metals  to  be  tested,  generally  in  the  form  of  thin  sheets,  were 
measured,  drilled  for  chemical  analysis,  weighed  and  exposed  in 
the  corrosive  atmosj)herc.  At  certain  times  the  sheets  were 
removed,  cleaned,  weighed  and  the  loss  in  weight  recorded.  The 
test  pieces  were  exposed  in  two  places:  in  Weehawken  tunnel, 
where  the  atmosphere  is  very  highl\-  charged  with  locomotive  gases 
and  steam,  and  in  the  interior  of  a  smoke-jack  in  the  Rensselaer 
engine-house.  In  the  tunnel  exposure  the  specimens  were  attached 
to  a  wooden  frame  fastened  to  one  side  of  the  tunnel,  in  which 
location  they  received  no  blast  action  from  locomotives  and  it  was 
thought  that  all  would  be  exposed  to  the  same  conditions.  In  the 
second  case  the  plates  were  hung  inside  the  jack  so  that  the  con- 
ditions would  probably  be  alike  for  all  j)lates. 

Three  series  of  these  tests  have  been  made  so  far.  The  first 
coDtisted  of  three  sheets  of  s])ecial  iron  and  two  of  soft  steel, 

(63  a) 
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exposed  in  the  tunnel.  This  being  the  first  series,  inaugurated 
mainly  to  determine  in  a  general  way  the  comparative  resistance 
of  the  two  materials  to  corrosion,  the  sheets  were  not  weighed 
before  the  first  exposure.  They  were  removed  at  the  end  of  64 
days;  corrosion  had  commenced  on  all  the  plates,  without  any 
very  noticeable  difference. 

It  was  then  seen  that  in  order  to  properly  measure  the  corro- 
sion, the  test  specimens  must  be  weighed  and  the  rate  of  corrosion 
determined  by  the  loss  of  weight  per  unit  of  exposed  area.  The 
specimens  were  weighed  and  exposed  again,  this  time  one  set  in 
the  tunnel  and  one  set  in  the  smoke-jack.  When  it  was  attempted 
to  remove  them  again,  only  one  plate  could  be  located,  a  special 
iron  plate  exposed  in  the  smoke-jack.  This  plate  was  re-exposed 
several  times  with  results  as  shown  in  Table  I. 

Table  I. — First  Series;  Special  Iron  Plate. 

Period  Total  Loss  per  Average  Loss  in 

Exposed,  Loss,  Sq.  In.,  Thickness  of  Plate, 

days.  grams.  grams.  ins. 

61  196                       0.76  0.012 

126  338                        I-3I  0.020 

189  560                        2 .  18  0.034 

This  plate  corroded,  therefore,  at  the  rate  of  about  ^  in.  per  year 
for  each  surface,  or  yV  in.  per  year  for  both  sides  exposed.  The 
analysis  of  this  plate  showed:  carbon,  0.069  P^r  cent,;  manganese, 
none;   sulphur,  0.025  P^^  cent.;   phosphorus,  0.008  per  cent. 

The  second  series  of  tests  included  three  kinds  of  metal: 
first,  two  plain  black  and  two  galvanized  sheets  of  special  iron, 
accepted  as  the  same  as  that  of  the  first  series;  second,  one  sheet 
of  soft  steel;  and  third,  two  sheets  of  special- coated  metal. 

The  data  and  results  of  this  series  of  tests  are  given  in  Table 
II.  In  the  tunnel  test  the  metals  showed  resistance  to  corrosion 
in  the  following  order,  beginning  with  the  most  resistant : 

Loss  per  Sq.  In.,  grams, 
289  days'  exposure. 

Special-coated  metal 051 

Soft  steel,  uncoated o  •  55 

Special  galvanized  iron  ^ o .  67 

Special  iron,  uncoated 1.72 
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The  excessive  corrosion  of  the  special  uncoated  iron  over  that  of 
the  others  will  be  noted.  The  amount  of  this  corrosion,  compared 
with  that  of  the  same  material  in  the  smoke-jack  tests,  shows  the  tun- 
nel conditions  to  be  much  less  severe  than  those  of  the  smoke-jack. 

One  of  the  special-coated  plates,  one  galvanized  special  iron 
plate,  and  one  plain  special  iron  plate  were  exposed  in  the  smoke- 
jack.  At  the  first  examination,  after  65  days'  exposure,  the  special- 
coated  metal  showed  very  much  less  corrosion  than  the  special  iron 
plates,  but  was  lost  before  the  second  examination  took  place, 
leaving  only  the  special  iron  plates,  one  plain  and  one  galvanized, 
in  this  test.  The  galvanizing  was  pretty  well  removed  during  the 
first  period  of  exposure  (65  days)  and  thereafter  did  not  assist 
much,  although  it  did  a  little.  The  last  examination,  after  a  total 
exposure  of  193  days,  showed  a  loss  per  square  inch  of  surface  of 
2.24  grams  for  the  plain  and  2.09  grams  for  the  galvanized  plate, 
which  results  compare  very  favorably  with  the  loss  of  2.18  grams 
per  square  inch  after  189  days'  exposure  as  noted  for  the  plate  of 
similar  material  in  the  first  series. 

A  third  and  more  extensive  series  of  tests  has  been  inaugurated 
this  year  and  one  examination  of  one  exposure  has  been  made. 
This  series  includes  special  irons,  ordinary  wrought  iron,  various 
steels,  and  some  special  non-ferrous  metal.  Some  of  the  irons 
and  steels  have  galvanized  coatings,  and  some  have  lead  coatings 
over  the  galvanized  coatings. 

Table  III  gives  the  data  and  results  of  the  first  examination 
of  the  specimens  exposed  in  the  tunnel.  Specimens  of  the  same 
materials  differing  only  slightly  in  chemical  composition  have  been 
ex|X)sed  in  the  smoke-jacks,  and  the  results  will  be  reported  later. 

Some  of  the  results  of  the  examination  recorded  for  this  series 
were  unexpected.  For  the  58-day  exposure,  the  gahanized  plates 
showed  a  much  greater  loss  than  the  corresponding  plain  sheets. 
The  loss  of  one  lead-coaled  plate  was  some  75  j)er  cent,  greater 
than  that  of  the  other,  which  might  be  accounted  for  by  the  differ- 
ence in  thickness  of  the  respective  lead  coatings  as  indicated  by 
the  chemical  analyses  of  the  two  plates;  but  as  one  of  these 
analyses  was  made  upon  sheared  samples  and  the  other  upon 
drillings,  the  writer  does  not  wish  to  lay  too  much  i'mj)lKisis  ujwn 
this  point.  The  average  loss  of  the  two  lead-coaled  plales  was 
greater  than  that  of  one  of  the  sj^ecial  irons.    The  special  **  A ' 
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iron  was  accepted  as  the  same  material  as  the  special  iron  of 
previous  tests;  in  this  examination  it  rcxerscd  its  pre\ious  record, 
being  the  most  resistant  for  the  short  period  exposed. 

The  relative  order  of  resistance  of  the  specimens  is  as  follows, 
beginning  with  the  most  resistant: 

Average  Loss 
58-Day  Exposure.  I^er  Sq.  In., 

grams. 

Special  iron  sheets,  "A,"  plain 0.047 

Lead-coated  galvanized  steel  sheets 0.067 

Special  iron  sheets,  "B,"  plain 0.077 

Wrought-iron  sheets,  plain o .  090 

Oi)en-hearth  soft  steel  sheets,  plain o  .095 

Special  iron  sheet,  "A,"  galvanized o.  121 

Special  iron  sheet,  "B,"  galvanized 0.137 

Special  non-ferrous  metal  sheet,  plain 0.225 

42-Day  Exposure. 

Open- hearth  steel  angles,  plain o  .  060 

Open-hearth  steel  bars,  plain o .  082 

Bessemer  steel  angles,  plain o .  098 

Bessemer  steel  bars,  plain 0.147 

The  thickness  of  metal  corroded  per  year  at  the  above  rates, 
assuming  a  uniform  rate  of  corrosion,  would  be  0.002  in.  to  o.oii 
in.  on  each  surface  exposed. 

It  should  be  borne  in  mind  that  the  time  of  exposure  for  this 
series  was  too  short  to  lead  to  proper  conclusions  from  the  results. 
The  specimens  in  the  smoke-jack  will  be  removed  and  examined 
after  they  have  been  exposed  about  the  same  number  of  da}s  as 
those  which  were  in  the  tunnel,  and  both  sets  will  be  returned  to 
their  respective  exposures  and  the  tests  continued,  it  being  the 
intention  to  make  examinations  after  successive  exposures  of  about 
60  days'  duration. 

If  these  tests  are  thought  of  sufficient  interest  to  the  Society, 
an  endeavor  will  be  made  to  report  the  further  results.  It  is  hoped 
that  other  disinterested  parties,  perhaps  the  Society  itself,  will  take 
up  this  investigation  so  that  the  facts  may  be  well  established. 

Acknowledgments  are  due  to  Mr.  R.  W.  Mahon,  Chemist 
and  Engineer  of  Tests  of  the  New  York  Central  and  Hudson 
River  Railroad  Company  and  a  member  of  the  Society,  for  report- 
ing the  chemical  analyses. 


FURTHER  RESULTS  OF  THE  WESTINGHOUSE, 

CHURCH,  KERR  AND  COMPANY  PAINT 

TESTS. 

By  C.  M.  Chapman. 

In  the  paper  presented  to  this  Society  last  year  we  gave  the 
results  of  an  extended  series  of  exposure  tests  of  structural  steel 
paints  conducted  by  Westinghouse,  Church,  Kerr  and  Company,* 
The  coatings  tested  were  divided  into  classes  depending  upon  their 
principal  ingredients  and  a  table  was  presented  which  showed  the 
comparative  degree  of  protection  afforded  by  fourteen  classes  or 
groups  of  paints.  These  tests  have  been  continued,  and  other 
paints  added,  until  now  over  one  thousand  coatings  have  been 
exposed  to  the  weather,  spread  on  approximately  three  thousand 
steel  plates.  The  paints  reported  on  last  year  consisted  chielly 
of  ready-mixed  products,  sold  ready  for  application ;  but  a  consid- 
erable number  of  those  which  are  included  in  this  report,  and  which 
had  not  been  exposed  long  enough  to  be  included  last  year,  were 
made  up  in  the  laboratory,  from  standard  pigments  and  vehicles, 
while  others  were  supplied  by  the  makers  in  the  paste  form  and 
thinned  for  use  with  raw  linseed  oil  and  drier. 

As  last  year's  report  gave  a  full  description  of  the  method  of 
conducting  the  test,  the  details  will  not  be  repeated  in  this  paper. 
We  wish  to  emphasize,  however,  two  points  in  regard  to  details 
of  the  method  of  testing.  The  first  is  the  desirability  of  pickling 
the  plates  in  dilute  sulphuric  acid  to  remove  the  mill  scale  before 
painting,  as  recommended  and  described  in  the  Report  of  Com- 
mittee E,  Proceedings,  Vol.  \,  1905,  p.  79.  Uniform  results 
cannot  be  obtained  with  j)lates  having  varying  (juantitics  of  mill 
scale  left  on  them.  The  other  point  is  the  desirability  of  giving 
the  plate  an  opportunity  to  rust  at  some  well-defined  point,  so  as 
to  be  able  to  note  the  effectiveness  of  the  paint  film  in  prevrnting 
the  spread  of  rust  from  that  point.  This  was  accomplished  in 
these  tests  by  deeply  scratching  the  corners  of  each  plate  through 

,  VoL  X,  tpie,  pp.  4ei-4oH. 

(638) 


Chapman  on  Exposure  Tests  of  Paints.  629 

the  paint  film  with  a  sharp-pointed  tool  on  the  day  that  the  plates 
were  exposed.  The  widely  var\ang  degrees  of  protection  against 
the  spread  of  rust  offered  by  the  different  paints  under  test  is  very 
clearly  and  conclusively  shown  by  this  method. 

As  described  in  the  former  paper,  all  paints  tested  were  divided 
into  groups  according  to  the  principal  ingredients  which  entered 
into  them.  Thus  there  were  the  carbon  group,  the  graphite  group, 
the  iron  oxide,  red  lead,  white  lead  groups,  etc.,  to  the  number  of 
fourteen.  When  five  samples  of  paint  of  the  same  general  character 
were  received,  they  were  placed  in  a  group  by  themselves,  so  that 
owing  to  the  large  increase  in  the  number  of  samples  there  are  more 
groups  in  the  present  report  than  in  the  previous  one.  The  addi- 
tional groups  are  sub-divisions  of  former  ones,  and  as  stated  before 
comprise  at  least  five  paints  of  a  similar  nature.  Thus,  when  the 
paints  made  from  elaterite  reached  five  in  number  they  were 
separated  from  the  Mineral  Hydrocarbon  group,  under  which* 
all  such  paints  had  previously  been  classified,  and  they  now  con- 
stitute a  group  by  themselves.  The  same  is  true  of  the  gilsonite 
paints.  The  paints  which  consist  of  a  mixture  of  graphite  and  iron 
oxide  were,  until  five  of  that  composition  had  been  tested,  classed 
in  the  miscellaneous  group.  The  groups  as  at  present  sub-divided 
number  twenty-one. 

Table  I  shows  the  average  percentage  ratings  of  these  groups 
of  paints,  after  one,  two,  and  three  years'  exposure  to  the  weather. 
These  ratings  are  based  solely  upon  the  amount  of  visible  rust 
which  had  formed  on  the  steel  plates.  The  questions  of  chalking, 
checking,  fading,  gloss,  appearance,  etc.,  were  not  considered  in 
rating  the  plates;  the  one  quality  which  we  desired  to  know  was 
the  protection  against  rust. 

An  examination  of  this  table  brings  prominently  forward 
several  points  to  which  we  would  call  attention : 

First,  for  short  time  protection,  in  such  cases  as  the  protection 
of  steel  for  a  few  months  by  the  application  of  a  single  coat,  a  red 
lead,  white  lead,  or  one  of  the  chromate  group,  would  be  satis- 
factory. 

Second,  the  early  and  complete  failure  of  the  gilsonite  and 
elaterite  paints,  indicating  the  unsuitability  of  these  materials  for 
this  particular  kind  of  exposure. 

Third,  the  close  agreement  between  the  groups  comprising 
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Table  I. — Comparative  Average  Percentage  Ratings  of 
Structural-Steel  Coatings. 


CUsa. 


One  Year 
Exposure. 


Two  Years' 
Exposure. 


Three  Years' 
Exposure. 


One 
Coat. 


Carbon 82 

Carbon  and  Graphite 5 

Graphite 78 

Graphite  and  Iron  Oxide . . . . '     5 
Iron  Oxide 101 


Iron  Oxide  and  Red  Lead 

Red  Lead 

Red  Lead  Primers 

White  Lead 

Lead    Compounds    (except 

•    Red  and  White) 

Zinc  Oxide 

Mineral    Hydrocarbon    (no 

pigment) 

Elaterite 

Gilsonite 

Blineral  Hydrocarbons  (with 

pigment) 

Va^table   Hydrocarbons 

(no  piKment) 

Vegetable     Hydrocarbons 

(with  pigment) 

Cement 

Chromate 

Vehicle 


MisoelUoeous |103 


Two 
Coats. 


tfgl  t5 


33      67 
13        5 


One 
Coat. 


41  1121 


3 
0 
4 

15 
8i 
11 
24 

i? 

10 
0 

8 
0 
0 

0 

0 

0 
13 
8 
0 
7 


Two 
Coats. 


One 
Coat. 


Two 
Ck>ata. 


25 
18 
23 
35 
24 

3 
37 
37 

0 

36 
23 

28 
0 
0 

0 

0 


30 
0 
19 


the  two  forms  of  carbon,  namely,  the  carbon  and  the  graphite 
groups.  At  the  same  time  it  should  be  noted  that  combinations 
of  these  two  pigments  have  been  much  less  efTective. 

Fourth,  the  close  agreement  between  the  two  carbon  groups 
just  mentioned  and  the  iron  oxide  group  is  noteworthy.  The 
only  distinct  advantage  ])ossessed  by  any  of  them  appears  to 
be  in  favor  of  the  iron  oxide  for  short-time  single-coat  work,  while 
carbon  appears  to  be  somewhat  better  than  grajjhite  for  the  same 
purpose.  It  seems  that  a  mi.xturc  of  graphite  and  iron  oxide  has 
some  advantage  over  cither  used  alone.  Were  it  not  for  the  small 
number  of  tests  of  this  graphite  and  iron  oxide  group,  the  showing 
made  would  command  attention. 

It  should  also  be  noted  that  zinc  oxide  compares  favorably 
with  carbon,  graphite,  and  iron  oxide. 
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White  lead  appears  somewhat  superior  to  any  other  pigment 
except  red  lead  for  one-coat  work,  after  either  one  year's  or  two  years' 
exposure.  For  two-coat  work,  while  it  holds  the  honors  for  the 
first  year,  it  has  dropped  down  to  the  level  of  many  others  at  the 
end  of  two  years.  The  group  marked  "Lead  Compounds,  except 
Red  Lead  and  White  Lead,"  which  includes  such  pigments  as 
basic  sulphate,  sublimed  blue  lead,  zinc  lead,  etc.,  is  making  a 
remarkably  good  showing  throughout  the  test. 

There  is  one  other  point  which  stands  out  prominently  in  the 
table,  and  that  is  the  durability  of  the  group  of  red  lead  primers. 
Very  inferior  paints  were  used  for  the  second  coat  on  many  of  the 
plates  in  this  group  and  yet  the  average  is  well  up  with  the  best. 

These  are  by  no  means  all  of  the  things  shown  by  this  table 
which  are  instructive  to  one  interested  in  paints,  but  they  are  the 
features  to  which  it  seems  desirable  to  call  particular  attention. 

Along  with  and  as  a  part  of  this  series  of  paint  tests  some  two 
dozen  vehicles  and  combinations  of  vehicles  were  tested  with  a 
view  of  determining  their  relative  value  as  protectors  against 
corrosion.  These  vehicle  tests  were  made  as  follows :  The  samples 
of  vehicles  were  obtained  from  the  makers  in  a  condition  said  by 
them  to  be  suitable  for  use  in  a  paint  without  further  treatment, 
that  is,  they  were  prepared  paint  vehicles,  not  unrefined  raw  ma- 
terials. Each  vehicle  was  tested  with  three  pigments,  namely, 
carbon,  artificial  graphite,  and  dry  white  lead.  In  the  case  of  some 
of  the  heavier  oils,  a  thinner  was  used  to  produce  a  working  con- 
sistency. The  paints  were  carefully  brushed  out  on  2  by  6-in. 
clean  mild- steel  plates  similar  to  those  used  in  the  tests  described 
above.  Particular  care  was  taken  to  give  a  thorough,  even,  com- 
plete coat.  The  same  operator  applied  all  paints.  Some  of  the 
vehicles  were  tested  on  one-coat  work  only,  but  the  majority  of  them 
were  tested  twice,  that  is,  one-coat  and  two-coat  tests  were  made. 

Table  II  gives  the  ratings  of  such  vehicles  as  have  been  tested 
so  far,  after  one  year's  exposure.  These  may  be  looked  upon  only 
as  a  preliminary  series,  and  the  results  may  be  studied  for  what 
they  are  worth.  Since  only  one  plate  containing  each  vehicle  was 
exposed,  we  do  not  recommend  that  any  conclusions  be  drawn 
from  these  results.  A  much  more  extended  series  of  vehicle  tests 
are  now  under  way,  from  which  it  is  hoped  that  we  may  be  able 
to  draw  more  reliable  deductions.    The  one  point  that  stands  out 
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Table  II. — Comparative  Percentage  Ratings  of  Vehicle  Tests 
AFTER  One  Year  Exposure. 


Vehicle. 


Carbon. 


One 
Ck>at 


Two 
Coats 


Graphite. 


One    Two 


White  Lead 


One     Two 


Coat  Coatai  Coat  Coats 


Raw  linseed  oil  and  drier 

Bleached  varnish,  raw  linseed  oil  and  drier 

Raw  linseed  oil,  11%  boiled  oil  containing  0.5  %  MnOj 
Raw  linseed  oil,  25%  boiled  oil  containing  1%  PbOj 
Heavy  body  raw  oU  thinned  with  turps  aiid  drier  . .. 
Heavy  body  raw  oil  thinned  with  benzine  and  drier. 

Cold  pressed  raw  linseed  oil  and  drier 

Boiled  linseed  oil  "G '' 

Boiled  liaised  oil  "A  " 

a  IXMlfld  Unseed  oil,  Ji  China  wood  oil 

J<  boiled  linseed  oil,  K  China  wood  oil  (20%  drier). 

M  boiled  linseed  oil,  K  China  wood  oil 

China  wood  oil 

K  raw  linseed  oil  drier,  l-i  raw  fish  oil 

yi  raw  lioaeed  oil  drier,  yi  raw  fish  oil   

yi  raw  Unseed  oil  drier,  K  raw  fish  oil 

H  raw  Unseed  oil  drier,  K  boiled  fish  oil 

K  raw  Unseed  oil  drier,  K  boiled  fish  oil 

a  raw  Unaeed  oil  drier,  H  boiled  fish  oil 

M  raw  Unseed  oil,  K  proprietary  Japan  oil  "A".. 

Proprietary  Japan  oil  "B  " 

>j  raw  linseed  oil,  K  proprietary  compound 

Linseed  oil  substitute 

Average 


50 

0 

0 

0 

60 

0 

60 

0 

0 

85 

0 

85 

65 

90 

90 

85 

75 

75 

70 

0 

0 

0 

30 


100 


100 

ioo 

100 
100 
100 
100 
90 
100 
100 


33 

0 

0 

0 

0 

30 

0 

0 

0 

0 

65 

30 

30 

65 

70 

75 

65 

15 

30 

0 

0 

0 

60 


85 

76 
45 
60 
55 
70 
70 
80 
50- 
0 

90 

65 

70 
70 

LOO 

70 

75 

85 

70 

90 

00 

100 

85 

90 

90 

85 

00 

KM) 

85 

00 

90 

90 

00 

80 

80 

90 

85 

75 

60 

0 

0 

75 

60 

38.3 


99 


23.6'  83.5    60.2    91.5 


prominently  in  this  table  and  which  calls  for  further  experiment 
and  investigation,  is  the  result  obtained  with  China  wood  oil  and 
fish  oil  used  in  conjunction  with  linseed  oil. 

While  these  tests  are  primarily  vehicle  tests,  they  present 
at  the  same  time  an  opportunity  of  comparing  the  average  results 
obtained  with  the  three  particular  pigments  used  when  mixed  with 
a  variety  of  vehicles.  To  facilitate  such  a  comparison  the  average 
rating  of  each  i)igment  is  given  at  the  foot  of  each  column.  These 
averages  show  again  the  superiority  of  white  lead  over  carbon 
or  artificial  graphite  for  one-coat  work  for  short  periods,  as  noted 
in  Table  I,  while  for  two-coat  work  it  apparently  loses  its  advantage. 

As  many  of  the  j)aints  included  in  this  series  of  tests  were 
prepared  in  the  laborator)-  with  pigments  and  vehicles  of  known 
purity  and  quality,  it  is  interesting  to  note  how  such  paints  com- 
|)are  with  the  average  of  those  obtained  ready  mixed  from  the 
manufacturers.  Take  for  instance  the  chromate  group.  There 
were  ten  samples  of  paints  tested  which  the  makers  claimed  were 
rendered  inhibitive  by  the  use  of  chromates  or  chromic  acid  in 
some  forni.    With  these  were  tested  a  number  of  pigments  and 
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pastes  containing  chromium  which  were  received  from  or  through 
the  laboratory  of  the  Paint  Manufacturers'  Association.  The 
averages  of  the  results  obtained  with  the  chromates  from  the 
laboratory  of  the  Paint  Manufacturers'  Association  were  much 
higher  than  those  shown  by  the  ready-mixed  paints  from  the 
makers,  especially  for  one-coat  work.  A  comparison  of  the  results 
obtained  with  ready-mixed  and  laboratory-mixed  paints  is  shown 
in  Table  III.  A  similar  comparison  is  made  in  this  table  of  the 
results  obtained  with  various  carbon  pigments  mixed  with  pure 
linseed  oil  in  the  laborator)%  with  the  ready-mixed  carbon  paints 
as  submitted  bv  the  manufacturers.     The  wide  difference  in  favor 


Table  III. — Comparative  Results  Obtained  with  Paints  Received 

Ready-Mixed  and  Paints  Mixed  in  the  Laboratory; 

One  Year  Exposure. 


One  Coat. 

Two  Coats. 

Qaas. 

No.  of 
Teata. 

Averace 
Rating, 
per  cent. 

No.  of 
Teats. 

Aver  ace 
Rating, 
per  cent. 

Chromate  paints  received  ready  mixed  .... 
Chromate  paints  mixed  in  the  laboratory. . 

Carbon  painta  received  ready  mixed 

Carbon  painta  mixed  in  the  laboratory .... 

Red  lead  paints  received  ready  mixed 

Red  lead  paints  mixed  ia  the  laboratory. . . 

Iron  oxide  paints  received  ready  mixed .  . 
Iron  oxide  paints  mixed  in  the  laboratory  . 

10 
10 

70 
12 

48 
13 

72 
19 

28 
72  5 

26 

74 

62 

77 

42 

88 

10 
16 

56 
11 

41 
9 

69 
19 

61.5 
86 

60 
00 

80 
86 

74 
03 

of  the  laboratory- mixed  samples  would  seem  to  indicate  the  use  of 
inferior  materials  in  the  factor}'-made  paints. 

In  the  case  of  red  lead  paints  the  difference  does  not  appear  to 
be  so  great,  especially  for  two  years'  exposure.  That  the  difference 
between  laborator>'-mixed  and  ready-mixed  red  lead  paints  is  not 
greater,  may  seem  rather  surprising  in  view  of  the  fact  that  such 
large  proportions  of  light  inert  fillers  or  suspenders  are  usually 
introduced  into  ready-mixed  red  leads,  whereas  the  laboratory 
paints  were  more  nearly  pure  lead  oxide.  One  interpretation  of 
these  results  might  be  that,  just  as  a  small  proportion  of  the  proper 
chromate  will  render  a  paint  inhibitive,  so  something  less  than  100- 
per  cent,  red  lead  will  make  a  good  protector  for  steel.  Again, 
in  the  case  of  iron  oxides  the  nineteen  samples  of  ground  pigments 
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mixed  in  the  laboratory  with  pure  linseed  oil  gave  results  averaging 
much  above  those  obtained  with  about  seventy  samples  of  ready- 
mixed  products  in  the  same  group. 

This  table  and  the  lesson  it  points  is  worthy  of  a  separate  paper, 
which  might  well  be  of  the  nature  of  a  sermon  to  paint  manufac- 
turers on  the  proposition,  "it  requires  good  pigment  and  good  oil 
to  make  good  paint." 


DISCUSSION, 


Mr.  A.  S.  CusHMAN  (in  the  Chair). — The  Chairman  desires  The  Chairman 
to  congratulate  Mr.  Chapman  on  his  novel  and  interesting 
method  for  determining  the  relative  protective  power  of  the 
various  pigments.  It  is  probable  that  the  opinion  will  prevail 
that  if  the  test  pieces  had  been  somewhat  larger  the  results 
would  have  been  more  valuable;  but  nevertheless  the  results 
are  suggestive  and  interesting.  The  paper  is  now  open  for 
discussion. 

Mr.  G.  D.  White. — I  should  like  to  ask  Mr.  Chapman  Mr.  White, 
whether,  if  he  had  taken  the  same  number  of  mixed  paints  as  of 
laboratory  samples,  the  results  would  not  have  agreed  more 
nearly,  or  whether  there  would  have  been  the  same  variation 
of  percentage  ratings,  for  the  same  number  of  test  paints? 

Mr.  C.  M.  Chapman. — I  do  not  know  what  the  results  Mr.  Chapmui. 
would  have  been  if  something  else  had  been  done;  but  the 
figures  as  set  forth  in  the  table  are  correct.  I  do  not  mean  to 
intimate  that  the  paint  manufacturers  cannot,  or  that  some  of 
them  do  not,  produce  as  good  paint  in  the  factory  as  can  be 
produced  in  the  laboratory;  but  the  facts  are  as  pointed  out,  that 
the  average  of  the  iron  oxides  submitted  by  the  manufacturers 
fell  far  below  the  average  of  the  iron  oxides  mixed  in  the  labor- 
atory, and  those  laboratory-mixed  iron  oxides  were  samples 
of  pigments  received  from  the  pigment  manufacturers.  They 
were  submitted  as  samples  of  commercial  pigments.  The  oil  was 
pure  linseed  oil. 

Mr.  White. — Is  it  not  true  that  a  number  of  the  ready-  Mr.  white, 
mixed   paints   averaged   very   much   higher   than   the   general 
average? 

Mr.  Chapman. ^It  would  be  necessary  to  refer  to  the  records  Mr.  Chapman 
to  answer  that  question.     Some  of  the  ready-mixed  paints  are 
very  much  better  than  others.     There  is  no  uniformity  either 
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Mr.  Chapman,  in  the  laboratory-mixed  paints  or  in  the  ready-mixed  paints. 
They  both  vary  greatly.  Probably  by  eliminating  the  poorer 
ones  I  could  have  changed  the  results  very  much.  I  did  not 
eUminate  any  of  either  class. 

Mr.  White.  Mr.  White. — The  point  I  want  to  make  is  that  the  general 

average  of  the  laboratory-mixed  paints  is  probably  better  than 
that  of  the  ready-mixed  paints,  for  on  the  other  hand  the  average 
of  the  good  grades  of  ready-mixed  paints  would  run  much  more 
closely,  I  judge,  to  the  average  of  the  laboratory-mixed  paints. 

Mr.  Chapman.  Mr.    Chapman. — All   the   paints   tested   were   submitted 

voluntarily  by  the  makers.  Those  makers  who  are  knowingly 
making  a  cheap  substitute  for  paint  have  not  been  very  anxious 
to  submit  samples.  These  paints  were  presented  by  the  makers 
as  being  products  that  they  were  anxious  to  have  tested,  and  that 
they  thought  would  show  up  well  against  any  others.  They  are, 
therefore,  probably  representative  of  the  better  grades  of  ready- 
mixed  paints  for  structural  steel  on  the  market. 

Mr.  Heckei.  Mr.  G.  B.  ELeckel.^ — Supposc   you  had  two  samples  from 

the  same  manufacturer  of  which  one  ran  high  and  the  other  very 
low,  so  that  the  average  of  both  would  be  50  per  cent. ;  that  of 
course  would  be  unfair  to  the  better  sample  of  the  two.  If  a 
number  of  good  paints  were  averaged  with  a  number  of  bad  ones, 
would  not  that  materially  lower  the  average?  I  think  that  is 
what  Mr.  White  meant  to  ask. 

Mr.  Chapman.  Mr.   Chapman. — That  is  undoubtedly  true,   and  it  also 

applies  with  equal  force  to  the  pigments  from  which  the  labora- 
tory samples  were  made. 

Mr.  Gardner.  Mr.  H.  A.  GARDNER. — I  should  like  to  ask  Mr.  Chapman 

whether  the  spreading  rate  was  determined  on  the  painted 
samples  or  whether  any  definite  spreading  rate  was  adopted? 

Mr.  Chapman.  Mr.  Chapman. — No  Uniform  spreading  rate  was  adopted, 
and  no  records  were  kept  of  the  spreading  rate.  Each  paint 
was  spread  at  the  rate  that  the  paint  seemed  to  be  suited  for. 
A  good  flowing  coat  was  applied  in  all  cases  and  brushed  out 
sufficiently  to  prevent  any  running  or  sagging  of  the  paint  when 
susjK'nded  vertically. 

Mr.  Oardntr.  Mr.  GARDNER. — I  Cannot  help  but  think  that  on  small 

plates  with  a  surface  of  less  than  one-twelfth  of  a  square  foot 
it  would  be  very  diflicult  to  apply  in  every  case  about  the  sumo 
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amount  of  paint.  Even  with  some  of  the  large  wooden  test  Mr.  Gardner, 
panels  upon  which  no  spreading  test  was  made,  it  was  rather 
difficult  to  get  the  same  amount  of  paint  on  in  every  case,  and 
it  would  seem  even  more  difficult  with  very  small  test  pieces  of 
the  sort  used  by  Mr.  Chapman.  I  think  the  results  would  have 
been  much  better  if  Mr.  Chapman  had  used  larger  plates,  say 
12  by  18  ins.  More  comparable  results  would  then  have  been 
obtained. 

The  Chairman. — The  Chair  would  like  to  point  out  that  The  chai/man. 
conclusions  may  be  drawn  from  tests  of  this  kind  that  may  have 
a  wide  influence  not  only  in  this  but  in  other  countries.  The 
Chair  would  like  to  interject  a  caution  in  respect  to  drawing 
conclusions  from  tests  of  this  kind,  however  cleverly  they  have 
been  carried  out.  It  is  certainly  unsafe  to  draw  sweeping  con- 
clusions from  tests  of  protective  coatings  applied  to  very  small 
test  samples  exposed  in  but  one  locaHty.  It  should  not  be  for- 
gotten that  the  unpainted  edges  of  very  small  samples  produce 
an  important  effect,  as  rust  starting  from  tl\e  rough  cut  edges 
may  soon  spread  under  the  protecting  paint  coatings. 

Mr.  R.  S.  Perry. — May  I  say  a  word  following  up  what  Mr.  Perry. 
has  just  been  said?  I  think  the  author  of  this  paper  has  put 
before  us  research  involving,  in  the  number  of  units  that  he  has 
used, greater  scope  than  any  similar  work  that  I  have  seen  brought 
before  any  scientific  body  along  the  lines  of  investigating  the 
prevention  of  corrosion  of  iron  and  steel  by  proper  protective  coat- 
ings; but  I  cannot  avoid  raising  my  voice  here  to  deprecate  the 
size  of  these  pieces  of  material  upon  which  he  made  these  tests, 
which  are  only  8f  per  cent,  of  a  square  foot.  The  pieces  of  metal 
in  the  field  tests  under  the  control  of  this  Society  are  192  times 
the  size  of  his  test  pieces,  and  I  feel  that  the  master  painters 
and  the  public  who  wish  to  see  practical  work  come  from  this 
Society  may  draw  the  conclusion  that  our  work  is  theoretical 
rather  than  practical.  I  regret,  therefore,  that  these  tests  were  on 
so  small  a  scale. 

Mr.  a.  W.  Carpenter. —  I  think  the  tests  of  the  laboratory-  Mr.  Carpenter, 
mixed  paints  are  particularly  interesting,  inasmuch  as  they  showed 
better  results  in  every  case  than  the  paints  furnished  by  man- 
ufacturers.    I  should  therefore  like  to  ask  for  more  information 
as  to  how  these  paints  were  made  in  the  laboratory,  that  is,  with 
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Mr.  Carpenter,  what  kind  of   vehicle,   what  kind   of  drier,  and  whether  the 
pigments  were  ground,  or  mixed  by  hand? 

Mr.  Chapman.  Mr.  Chapman. — In  the  case  of  the  laboratory-mixed  paints 

the  pigments  were  submitted  dry.  They  were  ground  to  a  thick 
paste  by  means  of  a  hand-glass  muller  on  a  ground-glass  plate 
with  raw  linseed  oil.  They  were  then  thinned  to  a  working 
consistency  vdih  raw  linseed  oil  to  which  was  added  about  6 
per  cent,  of  a  turpentine  japan  drier. 

The  tabulation  here  given  was  made  within  a  few  weeks. 
The  experiments  have  been  going  on  for  several  years.  There 
was  no  idea  at  the  time  of  making  the  experiments  that  such 
a  comparison  would  ever  be  made.  There  was  no  predetermina- 
tion to  make  such  a  comparison,  and  therefore  no  selection  of  the 
pigments  or  paints  used  in  either  case. 

There  has  been  some  criticism  of  the  small  size  of  the  steel 
plates  used  in  these  tests,  and  in  reply  it  may  be  stated  that 
we  have  duplicated  on  these  small  plates  tests  that  have  been 
made  by  other  experimenters,  and  that  the  results  compared 
favorably  with  the  results  on  large  plates;  that  is,  they  do  not 
contradict  one  another  materially,  but  were  as  nearly  in  con- 
formity with  each  other  as  if  they  had  been  made  on  plates  of 
the  same  size. 

Mr.  Fireman.  Mr.  Peter  Fireman. — I  feel  that  Mr.  Chapman  has  been 

criticized  a  little  too  severely.  He  has  not  undertaken  to  revo- 
lutionize things  generally,  but  has  simply  been  conducting  a 
series  of  tests  for  his  personal  satisfaction,  and  has  submitted 
the  results.  We  should  take  them  for  what  they  are  worth, 
and  not  blame  him  because  he  has  not  made  the  tests  on  a  larger 
scale.  He  cannot  be  expected  to  carry  on  the  work  on  as  large 
a  scale  as  the  tests  that  are  being  conducted  by  the  joint  repre- 
sentatives of  the  manufacturers  and  consumers.  I  think  that 
he  deserves  a  great  deal  of  credit  and  that  his  results  arc  excel- 
lent as  far  as  they  go.  I  for  my.self  really  do  not  see  that  a  small 
plate  ought  to  be  of  necessity  wor.se  than  a  large  plate  for  paint 
trials.  Of  course  there  may  be  some  little  defects  here  and  there 
in  Mr.  Chapman's  method,  but  he  has  used  a  fair  variety  of 
materials,  and  he  now  presents  the  results  for  comparison. 
I  think  his  work  is  perfectly  legitimate  and  that  the  results  are 
indicative  of  what  any  one  could  do  himself  without  having  the 
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whole  world  to  help  him.     It  appears  too  that  they  are  entirely  Mr.  Fireman, 
conclusive,  as  far  as  they  go. 

Mr.  G.  H.  Pickard. — May  I  ask  Mr.  Chapman  if  he  clupli-  Mr.  Pickard. 
cated  the  plates  on  which  he  spread  each  preparation;    and  if 
so,  how  those  duplicates  agreed?     For  instance,  take  Paint  i ; 
did  he  put  it  on  three  panels,  or  on  only  one  at  each  spreading 
rate  used? 

Mr.  Chapman. — With  the  great  majority  of  samples  we  Mr.  chapman, 
applied  to  one  plate  one  coat  and  to  another  plate  two  coats; 
but  in  some  cases  duphcate  and  even  triplicate  tests  were  made. 
In  no  case  did  the  second  or  third  result  fail  to  check  fairly  well 
with  the  first  result. 

Mr.  C.  D.  Rinald. — The  criticisms  of  the  size  of  plates  Mr.  Rinaid. 
are  entirely  unwarranted.  I  have  made  tests  over  and  over 
again  with  small  brushes  on  little  pieces  of  iron,  somewhat 
like  those  used  by  Mr.  Chapman,  and  with  a  regular  painter's 
brush  on  large  sheets.  The  results  have  generally  checked 
up  closely.  I  think  it  all  depends  on  the  care  used  by  the 
painter. 

Mr.  Chapman  (by  letter). — In  further  reply  to  Mr.  White's  Mr.  Chapman, 
question  as  to  what  the  results  might  have  been  had  the 
poorer  ready-mixed  paints  been  eliminated  and  only  an  equal 
number  of  the  best  been  compared  with  the  laboratory-mixed 
samples,  the  following  comparisons  have  been  made  from  the 
records  kept  of  the  tests: 

There  were  19  iron-oxide  paints  mixed  in  the  laboratory. 
These  averaged  for  the  one-coat  samples  at  the  end  of  one  year, 
88  per  cent.  There  were  72  ready-mixed  iron-oxide  paints  tested 
in  the  same  way  and  for  the  same  length  of  time.  They  averaged 
42  per  cent.,  as  shown  in  the  table.  If  we  were  to  consider 
only  the  best  19,  or  about  one-fourth  of  the  72,  the  average 
would  be  81  per  cent.,  or  7  per  cent,  less  than  the  average 
of  all  of  the  iron  oxides  mixed  from  the  dry  pigment  and 
linseed  oil  in  the  laboratory.  If  only  the  best  one-fourth 
of  the  laboratory-mixed  iron  oxides  were  selected  for  compari- 
son their  average  would  be  98  per  cent.  Furthermore,  24  out 
of  the  72,  or  exactly  one- third  of  the  one-coat  specimens  of  ready- 
mixed  iron  oxides,  were  entirely  covered  with  rust  and  were  rated 
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Mr.  Chapman,  zero  at  the  end  of  one  year,  while  the  lowest  rating  of  any  lab- 
oratory-mixed sample  in  this  group  was  75  per  cent. 

In  a  similar  manner  the  other  groups  might  be  compared, 
but  lack  of  space  forbids.  The  result,  however,  is  always  the 
same;  the  laboratory-mixed  samples,  in  making  which  only  pure 
linseed  oil  and  a  Httle  drier  was  used,  show  better  averages  than 
the  ready-mixed  paints. 


THE  PRACTICAL  TESTING  OF   DRYING  AND  SEMI- 
DRYING  PAINT  OILS. 

By  H.  a.  Gardner. 

The  high  price  attained  by  linseed  oil  during  the  past  two 
years  of  over  a  dollar  a  gallon,  together  with  the  unusual  scarcity 
of  this  valuable  oil,  has  led  many  investigators  into  the  field  of 
research,  with  a  view  of  discovering  some  mixture  of  other  oils  to 
partly  replace  linseed  oil.  Many  valuable  contributions  to  oil 
technology  have  resulted,  but  the  makers  and  users  of  paints  ha\e 
wisely  demanded  specific  and  authoritative  information  as  to  the 
practical  value  of  proposed  mixtures  before  adopting  them.  The 
Institute  of  Industrial  Research,  at  the  request  of  the  Paint  Manu- 
facturers' Association  of  the  United  States,  has  recently  started 
a  series  of  practical  paint  vehicle  tests  designed  to  decide  the 
question  at  issue. 

Forty- eight  white-pine  panels  have  been  placed  upon  a  test 
frame  on  the  grounds  of  the  new  laboratory  building  of  the  Insti- 
tute, at  Washington,  D.  C.  They  are  painted  with  a  standard 
white  pigment  formula  reduced  with  a  different  oil  formula  for 
every  panel.  White- pine  panels  were  selected  for  the  test  on 
account  of  the  good  painting  surface  which  this  type  of  lumber 
presents;  the  grade  selected  was  free  from  knots  or  pitch  pockets — 
defects  which  often  ruin  a  paint  test.  Each  panel  was  constructed 
of  four  tongued-and-grooved  planed  boards,  22  ins.  long,  i  in. 
thick,  and  9  ins.  wide.  The  boards  were  leaded  together  and 
capped  at  the  sides  with  weather  strips,  making  the  finished  panels 
about  2  ft.  wide  and  3  ft.  high.  The  fence  upon  which  the  panels 
were  placed  was  constructed  of  4- in.  squared  yellow  pine  with 
open  framework,  allowing  the  panels  a  resting  place  upon  which 
they  were  finally  secured  with  sherardized  screws. 

Before  erecting  the  panels,  they  were  carefully  painted  in  a 
paint  laboratory  especially  fitted  out  for  the  tests.  The  work  was 
done  during  the  months  of  April  and  May,  the  temperature  averag- 
ing from  60°  to  90°  F.  This  precaution  was  taken  in  order  that 
the  paint  in  each  case  might  become  thoroughly  dry  and  hard 
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before  exposure,  so  that  there  would  be  no  accumulation  of  dust 
or  eflfect  from  exposure  during  the  dr}'ing  period.  The  actual 
painting  of  each  panel  was  done  personally  by  Mr.  Charles 
Macnichol,  master  painter,  of  Washington,  D.  C,  who  has  had  a 
wide  experience  in  the  practical  application  and  testing  of  paints. 
The  viscous  natiu-e  of  several  of  the  oils  tested  precluded  the 
possibility  of  grinding  each  oil  formula  with  the  white  pigment  base 


Fio.  I. — View  of  Vehicle  Test  Fence. 
Institute  of  Industrial  Research. 


selected;  great  healing  of  the  j)ainl  mills  and  a  ])aslc  of  insufllcicnt 
fineness  was  the  result  of  an  early  attempt  at  this  method.  Jt  was 
decided,  therefore,  to  grind  the  standard  pigment  formula  to  a 
thkk  paste  in  the  minimum  amount  of  raw  linseed  oil.  Sub- 
sequently a   weighed   amount   of   the   white   ])igmenl  base   was 
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thinned  with  the  oil  formula  to  be  tested,  to  a  standard  vis- 
cosity, judged  by  the  experienced  master  painter  in  charge  of  the 
practical  application  of  the  formulas  as  sufficiently  heavy  for  third- 
coat  work.  When  making  the  reductions  with  oil  mixtures,  an 
allowance  was  made  for  the  amount  of  linseed  oil  already  con- 
tained in  the  ground  white  pigment  base. 

During  the  application  of  the  first  coat  an  equal  amount  of 
turpentine  was  added  to  each  formula,  in  the  proportion  of  one 
half  pint  to  a  gallon  of  paint;  in  the  application  of  the  second  coat 
there  was  added  to  each  formula  a  like  amount  of  an  ecjual  mixture 
of  turpentine  and  the  oil  formula  under  test.  The  third  coat  was 
applied  without  the  addition  of  thinners  of  any  kind. 

It  is  well  known  that  the  time  of  drying  and  the  condition  of 
the  dried  film  of  any  oil  or  mixture  of  drv'ing  or  semi-dr\ing  oils 
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Fig.  j.— Front  View  of  Vehicle  Test  Fence. 


will  var)'  widely.  It  is  for  the  purpose  of  causing  oils  to  set  up  to  a 
hard  film  in  a  short  time  that  metallic  driers  in  the  form  of  salts 
of  manganese  and  lead,  soluble  in  oil,  are  added  to  a  paint.  Some 
oils  require  a  large  amount  of  drier,  while  others  require  only  a 
ver}'  small  amount.  Those  which  require  a  large  amount  are  apt, 
upon  exposure,  to  be  burned  up  by  the  drier,  resulting  in  the  forma- 
tion of  a  powdered  and  disintegrated  film.  To  add  various  types 
of  drier  or  even  differing  amounts  of  a  drier  to  the  oils  under  test, 
seemed  very  unfair  from  every  standpoint,  and  it  was  therefore 
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decided  to  eliminate  the  drier  question  entirely,  so  as  not  to  vitiate 
the  results  by  bringing  in  a  factor  of  this  nature.  The  plan  of 
omitting  driers  proved  successful  in  the  Atlantic  City  steel-panel 
paint  tests,  erected  three  years  ago  by  the  writer  under  the  super- 
vision of  Committee  A- 5  of  this  Society. 

The  systematic  methods  which  are  necessary  when  making 
paint  tests  were  carefully  followed.  A  standard  weighed  amount 
of  white  pigment  paste  was  placed  in  a  clean  paint  cup  and  thinned 
to  the  proper  consistency  with  a  weighed  amount  of  the  oil  under 
test.  Proper  reductions  were  made,  as  before  stated.  Weighings 
of  the  paint,  cup,  and  brush  were  made  before  and  after  application 
to  the  panel,  in  order  to  determine  the  quantity  of  paint  used  and 
the  spreading  power.  A  period  of  fifteen  days  was  allowed  between 
the  application  of  successive  coats,  in  order  to  give  each  formula 
sufficient  time  to  dry  thoroughly.  Although  several  of  the  formulas 
remained  tacky  for  over  a  week,  all  dried  thoroughly  in  the  time 
allotted.  (Oils  which  when  used  alone  have  slow  drying  proper- 
ties have  been  found  to  yield  good  firm  films  when  used  with  dr}'ing 
pigments  such  as  lead  and  zinc.)  The  backs  and  edges  of  each 
panel  were  painted  with  two  coats  of  the  paint  used  on  the  face  of 
the  panel,  so  as  to  prevent  the  admission  of  moisture,  .'\fter 
erection,  the  panels  were  numbered  with  aluminum  figures  pressed 
into  the  surface.  Frequent  inspections  will  be  made,  and  at  the 
proper  time  reports  will  be  issued  giving  the  results  of  the  tests. 

During  the  painting  of  the  j)anels  considerable  interesting 
data  were  collected,  of  which  the  following  is  a  brief  r^^sum^: 

The  hiding  power  of  a  paint  is  one  of  its  most  important  requi- 
sites. It  was  found  in  the  tests  that  some  oils  had  the  efTect  of 
lessening,  while  others  had  the  efTect  of  increasing  the  hiding 
[jower  of  the  standard  pigment  formula.  This  may  be  due  in  i)art 
to  the  varying  refracti\e  indices  of  the  oils  used,  as  well  as  to  the 
difference  in  the  quantity  of  oil  recjuircd  in  each  test.  Some  oils 
were  very  viscous,  while  others  were  very  light. 

The  stiff  working  of  heavy-bodied,  blown  or  heat-oxidized 
oils,  produced  films  which  in  some  cases  gave  a  very  glossy  surface, 
even  on  the  priming  coat.  Some  of  these  resembled  varnished  work 
when  finished.  It  will  he  of  imi)orlance  to  watch  these  tests 
carefully  for  any  signs  of  early  breakdown,  which  might  come  from 
too  thick  a  film.    The  treated  Chinese  wood  oil  paints  worked  rather 
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stiff  but  produced  very  smooth  films.  The  rosin  oil  paints 
became  slightly  lumpy  on  standing,  but  worked  out  to  a  smooth 
finish  somewhat  yellowish  in  color.  The  marine  animal  oils, 
especially  the  menhaden  oil  mixtures,  dried  to  a  film  slightly 
flatter  than  straight  linseed  oil.  Any  odor  which  was  present  in  the 
paints  made  from  the  animal  oils  seemed  to  disappear  a  few  hours 
after  application.  The  cotton  seed  and  corn  oil  mixtures  made  the 
slowest  drying  paints,  but  at  the  end  of  the  second  week  of  the  dr)- 
ing  period  they  set  up  rapidly  to  firm  films.  Soya  bean  and  perilla 
oils  behaved  like  straight  linseed  oil,  the  former  being  a  little  slower 
and  the  latter  slightly  more  rapid  in  dr}'ing  properties.  The 
perilla  oil  was  made  from  one  of  the  first  importations  into  this 
countr)',  and  was  dark  in  appearance.  It  made,  however,  a  very 
easy-working  and  hard-drying  paint. 

The  oils  used  in  the  tests  were  obtained  from  reliable  sources. 
After  they  were  received,  they  were  carefully  analyzed.  The 
results  of  the  analyses  appear  in  Table  I. 

Table  I.  Analyses  of  Oils  Used  in  the  Vehicle  Tests. 


Specific 
Gravity. 

Raw  Linseed  Oil o  •  93 1 

Boiled  Linseed  Oil  (Linoleate  Type) .  o .  94 1 

Boiled  Linseed  Oil  (Resinate  Type)  .  o .  930 

Blown  Linseed  Oil o .  968 

Lithographic  Linseed  Oil o .  970 

Soya  Bean  Oil o .  924 

Menhaden  Oil .0.932 

Perilla  Oil o .  94 

Chinese  Wood  Oil  (Raw) o .  944 

Chinese  Wood  Oil  (Treated)* o. 898* 

Com  Oil 0925 

Cottonseed  Oil 0.921 

Rosin  Oil o  ■  966 

Whale  Oil 0.924 

Neutral  Petroleum  Oilf 0.916 


Saponi- 

fication 

Iodine 

Acid 

Number. 

Number. 

Number. 

188 

186 

2.0 

187 

172 

2-7 

186 

176 

2.  2 

189 

133 

2.8 

199 

102 

2.7 

189 

129 

2-3 

187 

158 

3-9 

188 

180 

2.0 

183 

166 

3-8 

128* 

104* 

6.8* 

191 

118 

9-5 

193 

105 

3-6 

27 

41 

16.7 

191 

148 

6 

12 

*  Low  constants  due  to  presence  of  over  40  per  cent,  of  volatile  matter,  largely  petro- 
leum spirits. 

t  This  oil  contJiined  over  20  per  cent,  of  petroleum  spirits. 
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The  pigment  formula  selected  for  the  tests  had  the  following 
composition : 

Basic  Carbonate  White  Lead 20  per  cent. 

Sublimed  White  Lead 30    "       " 

Zinc  Oxide 35    "       " 

Magnesium  SiHcate 10    "       " 

Barytes 5    "       " 


One  hundred  pounds  of  pigment  base  were  ground  to  a 
stiff  paste  in  16  lbs.  of  linseed  oil.  While  this  pigment  formula 
was  not  selected  as  being  superior  to  certain  other  formulas,  it  is 
of  a  type  that  has  given  very  fair  service  in  paint  tests  throughout 
the  country,  and  will  no  doubt  serve  admirably  for  the  purpose 
designed  in  these  tests. 

The  vehicle  formulas  in  the  finished  paints  are  as  follows: 


Per  cent. 
No.  I. 
Raw  Linseed  Oil 100 

No.  2.* 
Soya  Bean  Oil 1 00 

No.  3.t 
Menhaden  Oil 100 

No.  4- 

Raw  Linseed  Oil 25 

Boiled  Linseed  Oil   (Resi- 
nate) 75 

No.  5. 

Raw  Linseed  Oil 25 

Boiled  Linseed  Oil  (Lino- 
leate) 75 

No.  6. 

Raw  Linseed  Oil 50 

Boiled  Linscwl  Oil  (Rcsi- 
nate) . .  50 


*  Dry  piffment  formuU   in   soya  bean 


oil. 


t  t>ry   pivmant  (ormula  in  menhaden 


**l 


Per  cent. 
No.  7. 

Raw  Linseed  Oil 50 

Boiled  Linseed  Oil  (Lino- 
leate) 50 

No.  8. 

Raw  Linseed  Oil 50 

Blown  Linseed  Oil 50 

No.  9. 

Raw  Linseed  Oil 50 

Litho.  Linseed  Oil, 50 

No.  10. 

Raw  Linseed  Oil 50 

Soya  Bean  Oil 50 

No.  1 1. 

Raw  Linseed  Oil 50 

Menhaden  Oil 50 

No.  12. 

Raw  Linseed  Oil 50 

Perilla  Oil 50 

No.  13. 

Raw  Linseed  Oil 50 

Treated  Wood  Oil 50 
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Per  cent. 
No.  14. 

Raw  Linseed  Oil 50 

Com  Oil 50 

No.  15. 

Raw  Linseed  Oil 50 

Cottonseed  Oil 50 

No.  16. 

Raw  Linseed  Oil 50 

Rosin  Oil 50 

No.  17. 

Raw  Linseed  Oil 50 

Whale  Oil 50 

No.  18. 

Raw  Linseed  Oil 75 

Soya  Bean  Oil 25 

No.  19. 

Raw  Linseed  Oil 75 

Menhaden  Oil 25 

No.  20. 

Raw  Linseed  Oil 75 

Perilla  Oil 25 

No.  21. 

Raw  Linseed  Oil 75 

Treated  Wood  Oil 25 

No.  22. 

Raw  Linseed  Oil 75 

Com  Oil 25 

No.  23. 

Raw  Linseed  Oil 75 

Cottonseed  Oil 25 

No.  24. 

Raw  Linseed  Oil 75 

Rosin  Oil 25 

No.  25. 

Raw  Linseed  Oil 50 

Soya  Bean  Oil 25 

Menhaden  Oil 25 


Per  cent. 
No.  26. 

Raw  Linseed  Oil 50 

Soya  Bean  Oil 25 

Treated  Wood  Oil 25 

No.  27. 

Blown  Linseed  Oil 50 

Soya  Bean  Oil 50 

No.  28. 

Raw  Linseed  Oil 25 

Soya  Bean  Oil 25 

Menhaden  Oil 25 

Treated  Wood  Oil 25 

No.  29. 

Raw  Linseed  Oil 25 

Soya  Bean  Oil 25 

Menhaden  Oil 25 

Com  Oil 25 

No.  30. 

Raw  Linseed  Oil 25 

Soya  Bean  Oil 25 

Menhaden  Oil 25 

Cottonseed  Oil 25 

No.  31. 

Raw  Linseed  Oil 25 

Soya  Bean  Oil 25 

Menhaden  Oil 25 

Rosin  Oil 25 

No.  32. 

Raw  Linseed  Oil 25 

Soya  Bean  Oil 25 

Treated  Wood  Oil 25 

Rosin  Oil 25 

No.  33. 

Raw  Linseed  Oil ;  .  .  20 

Soya  Bean  Oil 20 

Treated  Wood  Oil 20 

Menhaden  Oil 20 

Cottonseed  Oil 20 
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Per  cent. 
No.  34. 

Raw  Linseed  Oil 20 

Soya  Bean  Oil 20 

Treated  Wood  Oil 20 

Menhaden  Oil 20 

Rosin  Oil 20 

No.  35. 

Raw  Linseed  Oil 40 

Soya  Bean  Oil 20 

Com  Oil 20 

Cottonseed  Oil 20 

No.  36. 

Whale  Oil 33 

Treated  Wood  Oil 33 

Raw  Linseed  Oil 33 

No.  37. 

Raw  Linseed  Oil 25 

L.  O.* 75 

No.  38. 

Raw  Linseed  Oil 50 

Raw  Chinese  Wood  Oil.  .  .  50 


*  Mixture  of  boiled  tung  and  soya  bean 
oil,  thinned  with  petroleum  and  turpen- 
tine. 


Per  cent 
No.  39. 

Raw  Linseed  Oil 75 

Reducing  Oil* 25 

No.  40. 

Raw  Linseed  Oil 50 

Soya  Bean  Oil 35 

Neutral  Petroleum  Oil ....  15 

No.  41. 

Raw  Linseed  Oil 50 

Soya  Bean  Oil 25 

Neutral  Petroleum  Oil ....  15 

Tungate  Drier 10 

No.  42. 

Linseed  Oil 25 

Soya  Bean  Oil 37 

Neutral  Petroleum  Oil..  .  .  23 

Tungate  Drier 15 

No.  43. 

Raw  Linseed  Oil 25 

Soya  Bean  Oil 37 

Whale  Oil 19 

Tungate  Drier 19 

*  25  per  cent.  Raw  Litisecd  Oil. 
7a  per  cent.  Petroleum  Oil. 

3  per  cent.  Drier — lead  and  manga- 
nese linoleate. 


No,  44. 
Special  test  on  white  base  of  the  following  composition,   in  pure 
linseed  oil: 

Asbestine 10  per  cent. 

Corroded  White  Lead 20    "       " 

Sublimed  White  Lead 30    "      " 

Zinc  Oxide 40    "      " 

Upper  board  of  panel  reduced  with  straight  turpentine  on  priming  coat 
Second  board  of  panel  reduced  with  wood  turpentine  on  priming  coat. 
Third  board  of  panel  reduced  with  pine  oil  on  priming  coat. 
Bottom  board  of  panel  reduced  with  petroleum  spirits  on  priming  coat. 

No.  45. 
Same  pigment  formula  as  No.  44,  reduced  with : 

Pine  Oil 50  per  cent. 

Linseed  Oil 50    "      " 
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No.  46. 
Special  test  of  white  base  of  the  following  composition,   in   pure 
linseed  oil: 

Corroded  White  Lead 20  per  cent. 

Sublimed  White  Lead 30    "       " 

Zinc  Oxide 35    "       '* 

Asbestine 15    "      " 

No.  47. 
Cypress  panel  unpainted. 

No.  48. 
CjT^ress  panel  painted  with  Formula  No.  i,  thinned  with  benzol  on 
the  priming  coat. 


A  NOVEL  METHOD  OF  DETECTING  MINERAL  OIL 
AND  RESIN  OIL  IN  OTHER  OILS. 

By  a.  E.  OuTERBRiixjE,  Jr. 

The  importance  of  ha\ang  a  rapid,  simple  and  reliable  method 
of  detecting  the  presence  of  cheap  mineral  (hydrocarbon)  oil,  or 
resin  oil,  as  an  adulterant  in  expensive  vegetable  or  animal  oils, 
used  in  large  quantities  in  industrial  works,  was  forcibly  im- 
pressed upon  my  mind  some  time  ago  by  the  following  expe- 
rience :  The  purchasing  agent  of  the  large  manufacturing  establish- 
ment with  which  I  am  connected  handed  me  a  sample  of  oil,  of  a 
rather  dark  color,  which  had  been  offered  as  commercially  pure 
linseed  oil,  slightly  off  color,  suitable  for  making  "  oil  sand  cores, " 
at  a  concession  from  the  market  price  of  linseed  oil. 

Preliminary  examination  indicated  that  the  sample  was  just 
what  it  was  represented  to  be.  A  " skin  test"  was  made  by  evapo- 
rating a  drop  or  two  to  dryness  in  a  shallow  platinum  capsule,  and 
as  it  gave  a  good  tough  skin  a  trial  lot  of  five  barrels  was  ordered 
and  used  for  making  oil  sand  cores.  This  proved  very  satis- 
factory and  in  a  short  time  another  lot  was  bought.  After  thirty 
barrels  had  been  purchased,  complaints  came  from  the  foundry  of 
cores  broken  in  handling,  and  a  larger  proportion  of  oil  to  sand  was 
used  to  overcome  the  trouble.  Another  shipment  making  forty- 
five  barrels  in  all  was  received  and  tested  in  various  ways  before 
being  used  in  the  foundry,  I  reported  that  this  oil  was,  in  my 
judgment,  adulterated  and  unsuitable  for  making  oil  sand  cores. 
The  purchasing  agent  notified  the  shippers;  they  denied  the  charge 
and  asked  for  payment.  We  then  had  samples  tested  by  a  well- 
known  firm  of  analytical  chemists,  who  reported  that  the  linseed 
oil  was  "largely  adulterated  with  mineral  oil  and  resin  oil."  On 
being  asked  to  give  the  pro|X)rtions  they  rei)lied  that  it  was  a  difTicult 
thing  to  do  and  would  cost  much  more  than  the  amount  of  their 
bill.  Still  the  shippers  refused  to  remove  the  barrels,  and  wrote  as 
follows:  "We  must  insist  upon  immediate  settlement  and  your  check 
•cnt  promptly  will  be  appreciated."  After  some  months'  delay 
A  copy  of  the  State  law  making  it  a  crime  to  sell  adulterated  lin- 
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seed  oil  in  Pennsylvania,  unless  so  branded,  under  severe  penalties, 
was  mailed  to  the  oil  company.  This  brought  a  prompt  request 
to  send  the  oil  back  at  shippers'  cost,  which  was  done;  and  the 
incident  was  then  closed. 

It  started,  however,  a  new  line  of  investigation  which  has 
resulted  in  a  method  of  instantly  detecting  such  adulterations, 
the  nature  and  apparent  novelty  of  which  method  may  be  clearly 
and  briefly  indicated  by  the  following  correspondence.  I  may 
say  that  the  process  had  been  discovered  and  put  into  use,  experi- 
mentally at  least,  some  time  before  the  first  letter  was  written. 
The  main  object  of  this  letter  was  to  ascertain  whether  any  method 
of  detecting  such  adulteration,  not  requiring  chemical  analysis 
or  expert  knowledge,  was  known  to  the  chief  chemist  of  the  Bureau 
of  Chemistry  of  the  Department  of  Agriculture  at  Washington, 
D.  C,  whose  life-long  investigations  of  adulterations  in  such  pro- 
ducts have  given  him  wide  renown. 

WILLIAM  SELLERS  AND  COMPANY,    INCORPORATED. 

Philadblphia,  January  6,  191 1. 

Dr.   Harvey  W.  Wiley,  Chief  Chemist, 

Department  of  Agriculture, 

Washington,  D.  C. 

Dear  Sir: 

Knowing  that  the  subject  of  adulteration  of  Unseed  oil  and  other  oils 
has  occupied  the  close  attention  of  your  department,  I  write  to  ask  whether 
you  know  of  any  rapid,  simple  and  reliable  method,  capable  of  being  used 
in  industrial  works  by  any  one  not  skilled  in  oil  analyses,  of  detecting 
the  presence  in  linseed  oil,  lard  oil,  or  other  vegetable  or  animal  oil,  of 
mineral  oil,  either  crude  or  refined?  I  have,  before  writing  to  you,  con- 
sulted several  standard  books  on  oil  analyses  and  testing,  also  books  on 
lubrication  and  friction. 

I  have,  of  course,  found  certain  chemical  tests,  but  these  are  too 
complicated  for  the  purpose,  requiring  expert  chemical  knowledge,  and 
even  then  the  results  are  apparently  unreliable, — even  an  approximate 
quantitative  determination  of  the  proportion  of  mineral  oil  adulterant  is 
impracticable  by  any  method  that  I  have  found. 

Linseed  oil  is  being  used  more  and  more  largely  in  foundries  in  a 
comparatively  new  process  of  making  "cores"  for  molds,  and  various 
"core  oils"  are  being  sold  for  that  purpose,  usually  having  linseed  oil  as  a 
basis,  with  various  adulterants,  such  as  cotton-seed  oil,  mineral  oil,  etc. 
These  core  oils  are  also  often  loaded  with  soluble  gums  and  are  made  to 
resemble  linseed  oil  more  or  less  closely  in  appearance,  specific  gravity. 
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drying  qualities,  etc.,  so  that  mere  inspection  is  no  guide  whatever  as  to 
their  composition  or  the  cost  of  compounding  them. 

Any  information  you  may  be  able  to  give  on  the  subject  of  such 
adulterations  of  such  oils,  especially  respecting  a  rapid  and  simple  method 
of  detecting  the  presence  and  determining  approximately  the  proportion  of 
mineral  oil  adulterant  in  vegetable  or  animal  oils,  will  be  duly  appreciated. 

Yours  very  truly, 

A.  E.  OUTBRBRIDGB,  Jr., 

Metallurgist. 

UNITED   STATES   DEPARTMENT   OP   AGRICULTURE. 

Bureau   op  Chemistry. 

Contracts  Laboratory.  Washington,  D.  C,  January  7,  191 1. 

WiLUAM  Sellers  &  Co.,  Inc., 

1600  Hamilton  St.,  Philadelphia,  Pa. 

Sirs: 

In  reply  to  your  letter  of  January  6,  19 11,  In  regard  to  the  adultera- 
tion of  linseed  oil,  I  know  of  no  rapid,  simple  and  reliable  method  for 
detecting  such  adulteration,  which  can  be  performed  by  one  not  skilled 
in  chemistry.  While  some  tests,  such  as  boiling  with  an  alcoholic  solu- 
tion of  caustic  potash  and  afterwards  diluting  with  water  and  judging 
from  the  milky  appearance  of  the  precipitate  that  mineral  oil  is  present, 
will  work  in  certain  cases,  in  other  cases  the  detection  of  such  adulteration 
in  linseed  oil  is  a  problem  of  extreme  difficulty  and  can  be  solved  only  by 
a  man  who  is  skilled  In  chemistry  as  applied  to  oils. 

Respectfully, 

(Signed)     H.  W.  Wiley, 

Chief. 

WILLIAM   SELLERS   AND   COMPANY,    INCORPORATED. 

Philadelphia,  April  6,  191 1. 

Dr.  Harvey  W.  Wilev,  Chief  Chemist, 
Department  of  Agriculture, 
Washington,  D.  C. 
Dtor  Sir: 

I  have  been  asked  to  present  at  the  next  annual  meeting  of  the  Ameri- 
can Society  for  Testing  Materials  a  novel  method  by  which  the  presence  of 
mineral  oil  or  resin  oil  in  minute  or  considerable  quantity  in  vegetable  or 
animal  oils  may  be  instantly  detected  by  any  one  not  skilled  in  chemistry. 
This  method  has  been  tried  out  and  put  Into  practical  use  in  these  works 
for  some  time  past. 

It  depends  upon  utilizing  certain  ultra-violet  rays  from  an  electrical 
iource.  which  I  found  to  possess  a  remarkable  effect  in  developing  "fluo- 
rtMMioe"  in  mineral  and  resin  oils  to  a  degree  hitherto  unsuspected, 
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whereby  a  mere  trace  of  either  of  these  oils  in  a  non-fluorescent  oil  such 
as  hnseed  oil,  Soya  bean  oil,  etc.,  say  one-tenth  of  one  per  cent,  is  instantly 
revealed.  By  comparing  an  adulterated  sample  of  linseed  oil  or  other 
non-fluorescent  oil  with  prepared  samples  of  adulterated  oils  as  standards, 
the  actual  quantity  of  such  adulterant  may  often  be  stated  accurately 
by  an  apprentice  boy,  who  knows  nothing  of  analysis,  in  a  moment. 

I  propose  to  give  this  as  a  scientific  discovery  freely,  without  applying 
for  any  patents  or  other  reservations. 

On  January  6,  191 1,  I  wrote  to  ask  you  if  any  rapid,  simple  and 
reliable  method  for  detecting  such  adulteration  in  oils  which  could  be 
performed  by  one  not  skilled  in  chemistry,  was  known  to  your  department. 
I  duly  received  your  reply  of  January  7,  stating  that  no  such  method  was 
known,  and  this  was  corroborated  by  the  chemist  of  the  Pennsylvania 
Railroad,  and  by  others  in  letters  of  similar  portent. 

If  entirely  agreeable  to  you  I  will  refer  to  the  correspondence  with  you 
in  my  address,  which  I  expect  to  illustrate  by  visual  tests,  for  the  purpose 
of  showing  the  novelty  of  my  method.  While  there  is  nothing  confiden- 
tial in  the  letter  I  would  prefer  to  have  your  assent  before  alluding  to  it. 

Yours  respectfully, 

A.    E.    OUTBRBRIDGE,    Jr., 

Metallurgist. 

UNITED    STATES    DEPARTMENT   OF   AGRICULTURE. 

Bureau  of  Chemistry. 

Contracts  Laboratory.  Washington,  D.  C,  April  12,  191 1. 

Mr.  Alexander  E.  Outerbridgb,  Jr., 
Wm.  Sellers  &  Co.,   Inc., 

1600  Hamilton  St.,  Philadelphia,  Pa. 

Sir. 

I  beg  to  acknowledge  the  receipt  of  your  letter  of  April  11.  I  see  no 
objection  to  your  using  my  letter  of  January  7,  1911,  addressed  to  William 
Sellers  and  Company,  in  connection  with  your  paper  on  a  novel  method 
of  detecting  mineral  oil  in  vegetable  or  animal  oils.  This  is  an  interest- 
ing subject,  and  I  shall  take  pleasure  in  reading  your  article  when  it 
appears  in  print. 

Respectfully, 

(Signed)  '  H.  W.  W^iley, 

Chief. 

Copiesof  these  letters  were  sent  to  the  chemist  of  the  Pennsylva- 
nia Railroad  Company  with  a  request  for  an  expression  of  his  opin- 
ion for  use  in  this  address.     He  courteously  replied  as  follows: 

Dear  Sir: 

We   are  thoroughly  In  accord  with  Doctor  Wiley's  reply  to  you  In 
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regard  to  this  matter,  and  are  not  in  position  to  suggest  any  quick  test 
which  could  be  generally  used  to  detect  the  presence  of  hydrocarbon  oils 
in  linseed  oil. 

Very  truly  yours, 

(Signed)         F.  N.  Pbase, 

Chemist. 

Mineral  and  resin  oils  differ  from  all  other  oils  in  many  ways, 
but  especially  in  one  respect,  and  resemble  each  other  in  many 
ways,  notably  in  one,  which  will  now  engage  our  attention. 

When  examined  by  reflected  light,  hydrocarbon  oils  (im- 
properly named  "mineral"  oils),  whether  crude  or  partially 
refined,  show  a  peculiar  greenish  tinge  commonly  called  "bloom." 
When  examined  by  transmitted  light  the  bloom  disappears  and 
the  true  color  of  the  oil  is  seen.  This  color  ranges  from  dark  red 
or  mahogany  tint  through  various  shades  of  orange  and  yellow 
up  to  "water  white,"  according  to  the  degree  of  refinement. 
Resin  oil  possesses  the  same  peculiar  charactistics,  except  that  the 
color  of  the  bloom  is  pure  blue.  Its  chemical  composition  is  so 
nearly  like  that  of  a  hydrocarbon  oil  that  these  resemblances  appear 
to  me  to  be  more  than  accidental  coincidences  and  suggest  the 
possibility  of  a  common  origin  between  so-called  mineral  oil  and 
resin  oil.  This  speculation,  however,  is  not  germane  to  our 
topic,  which  has  to  do  strictly  with  a  new  practical  application  of 
that  property  commonly  called  bloom  to  the  instantaneous  detection 
of  adulteration  of  vegetable  or  animal  oils  with  hydro-carbon  oils. 

Doubtless  everyone  has  noticed  the  bloom  in  mineral  oils  and 
wondered  perhaps  as  to  the  cause  of  this  singular  greenish  appear- 
ance, which  is  especially  noticeable  in  crude  oil  and  in  heavy 
lubricating  oils.  Bloom  is  merely  a  popular  name  for  a  remarkable 
property  possessed  by  a  number  of  substances,  the  scientific  name 
for  which  is  "  fluorescence,"  and  the  question  may  now  be  properly 
asked,  "What  is  fluorescence?"  The  New  Century  Dictionary 
defines  fluorescence  thus: 

"The  property  possessed  by  some  transparent  substances  of  becoming 
■elf-luminous  while  they  are  exposed  to  the  direct  action  of  light  rays. 
It  U  especially  excited  by  the  violet  and  ultra-violet  rays  of  the  spectrum, 
and  is  explained  by  the  change  in  refrangibility  (that  is,  wave-length) 
of  the  Incident  rays  by  the  substance  under  experiment.  Thus,  if  a  beam 
of  sunlight  fall  upon  a  solution  of  esculin  or  sulphate  of  (juininc,  its  path 
through  the  liquid  U  mazked  by  a  bluish  opalescent  light.    Again,  if  a 
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paper  moistened  with  the  solution  is  exposed  to  the  ultra-violet  rays  of  the 
spectrum,  it  becomes  blue,  since  these  rays  are  diminished  in  refrangibility 
so  as  to  become  visible ;  by  this  means  the  ultra-violet  spectrum  (given 
by  prisms  of  quartz)  can  be  studied.  The  delicate  blue  surface-color  of 
some  fluorspar  and  the  yellowish-green  surface  color  of  glass  colored  with 
uranium  oxide  are  phenomena  of  the  same  nature." 

In  simple  non-technical  words,  therefore,  fluorescence  is  a 
property  inherent  in  some  substances  of  becoming  self-luminous 
while  exposed  to  certain  rays  of  light  known  as  "ultra-violet"  or 
"actinic"  rays.  These  rays  are  always  found  in  sunlight  and  in 
some  forms  of  electric  light.  If  a  beam  of  white  light  from  the 
sun  or  from  an  arc -light  be  passed  through  a  prism  (preferably 
for  some  purposes  made  of  quartz)  it  is  separated  into  a  broad  band 
of  prismatic  colors.  Such  a  beam  may  be  likened  for  illustration 
to  a  closed  fan;  after  passing  through  the  prism  the  fan  is  opened, 
and  it  is  seen  that  each  fan-stick  has  a  different  color,  namely, 
red,  orange,  yellow,  green,  blue,  indigo,  and  violet.  Beyond  the 
red,  on  one  side  of  the  prismatic  band,  and  beyond  the  violet  on  the 
other,  are  many  rays  which  are  invisible  to  the  eye ;  but  some  sub- 
stances when  placed  in  the  path  of  these  invisible  rays  become 
luminous  or  fluorescent,  the  color  of  the  fluorescence  being  charac- 
teristic of  the  substance,  some  showing  green,  some  blue,  some  yellow 
some  purple,  some  white,  and  others  various  intermediate  tints. 

In  the  course  of  my  investigations  I  found  that  the  greenish 
bloom  or  fluorescence  of  mineral  oil  and  the  blue  bloom  of  resin 
oil  noticeable  in  daylight  can  be  enormously  intensified  or  magnified, 
perhaps  a  thousand  fold,  under  certain  conditions  to  be  described 
herein,  so  that,  if  a  single  drop  of  mineral  oil  be  placed  in  a 
vessel  containing  a  hundred  or  even  a  thousand  drops  of  pure 
linseed  oil,  or  any  other  non-fluorescent  oil,  its  presence  may  be 
instantly  detected  by  the  greenish  fluorescence  which  it  imparts 
to  the  whole  of  the  oil.  The  same  is  true  of  resin  oil  which  gives 
blue  fluorescence.  The  utilization  of  this  observation  for  practical 
purposes  of  detecting  adulterations  is  the  gist  of  this  paper. 

By  increasing  the  proportion  of  either  adulterant  the  intensity 
of  the  fluorescence  imparted  to  the  naturally  non- fluorescent  oil 
is  correspondingly  increased ;  and,  by  preparing  standard  samples 
of  any  non-fluorescent  oil  containing  one-tenth,  one,  two,  three 
per  cent.,  and  upwards,  of  mineral  or  resin  oil,  in  clear  glass  test- 
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tubes  placed  in  a  suitable  frame  against  a  dark  background,  each 
showing  readily  and  unmistakably  the  increasing  proportions  of 
the  adulterant  under  a  light  giving  ultra-violet  rays,  a  "  fluorescent 
scale"  has  been  established,  somewhat  similar  to  the  well-known 
carbon  color  scale  used  in  steel  foimdry  laboratories  for  quickly 
determining,  by  color  comparison,  the  proportion  of  carbon  in  an 
acid  solution  of  steel. 

By  comparing  a  sample  of  non-fiuorescent  oil  which  has  been 
adulterated  with  mineral  oil  or  resin  oil  with  these  standards,  the 
proportion  of  such  adulteration  may  often  be  accurately  stated  in  a 
moment  by  any  one.  I  use  the  word  "often"  in  connection  with 
the  quantitative  determination  advisedly,  in  order  to  allow  for 
some  modifications,  to  be  explained  further  on ;  but  I  am  prepared 
to  unhesitatingly  make  the  broad  assertion  without  fear  of  contra- 
diction that  there  is  no  method  known  by  which  the  presence  of 
either  mineral  or  resin  oil  in  any  non-fluorescent  oil  in  small  or 
large  amount  can  be  so  disguised  as  to  be  undetectable  instantly 
by  this  method,  and  this  certainly  is  an  interesting  and  important 
fact  of  considerable  practical  value  to  consumers  of  costly  oils. 

It  is  stated  in  text  books  on  oil  analyses,  and  also  in  elaborate 
works  on  oil  refining,  that  methods  of  chemical  treatment  of  min- 
eral oil  have  been  discovered  to  "de-bloom"  mineral  oil  so  that  it 
can  be  used  with  impunity,  so  far  as  the  bloom  is  concerned,  as 
an  adulterant  for  expensive  vegetable  and  animal  oils,  and  I  learned 
that  there  is  a  very  large  trade  m  de-bloomed  oils  for  this  purpose.* 
It  was  of  course  at  once  evident  to  me  that  my  new  process  would 
be  totally  incapable  of  detecting  adulteration  of  non- fluorescent  oils 
with  mineral  oil  when  deprived  of  all  bloom  or  fluorescence.  Accord- 
ingly.. I  obtained  samples  of  de-bloomed  oils  of  difTerent  grades 
and  colors.  These  samples  are  free  from  bloom  in  bright  sunlight 
or  ordinary  diffused  daylight,  or  in  the  light  from  an  ordinary 

♦  "There  are  a  large  numlj«r  of  su-cullcd  de-bloomrd  (mineral)  oiU  on  the  market,  and  It 
to  of  the  tttmott  importance  thnt  enKincvm  should  Kuard  against  their  use.  Thcsr  oils  are 
mad*  for  the  loie  purpoM  of  enabhng  unprin<-i|)lcd  lubricant  manufacturers  (especially 
middUmen)  to  ■ophittirate  fatty  otU  with  a  chea[>er  mineral  oil. 

"Aa  the  de-blooming  of  a  mineral  oil  can  only  he  accompliRhed  by  treating  the  oil  with 
nitric  acid  or  •  nitro-compound  luch  aa  nitro-naphthulinr.  nitro-toluole,  etc.,  It  Rtands  to  reason 
that  the  lubrication  of  machinery  by  a  do-bloomed  oil  mean*  ruination  to  the  machinery."  — 
1. 1.  lUdwood,  LuMeanU,  Oilt  and  Grtaus,  p.  5. 

Malwrt  of  de-blonmcd  mineral  oil*  claim  that  prolonged  exposure  to  sunlight  will  remove 
without  cbeml''nl  treatment.     Several  specimruH  of  this  sun-bleached  do-MDimiLMl  oil 

I  tMUd  and  ail  showed  marked  fluorescence  in  the  ultra-violet  light,  but  not  in  daylight. 
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electric  arc,  but,  when  subjected  to  the  kind  of  light  whic^i  I  shall 
presently  describe  they  all  became  highly  fluorescent.  When  1 
stated  to  a  certain  refining  company  that  their  samples  of  de- 
bloomed  oil  were  far  from  bloomless,  they  expressed  the  greatest 
astonishment;  they  said  there  must  have  been  some  inexplicable 
error  in  selecting  the  samples  and  that  they  would  forward  new 
samples  guaranteed  to  be  "absolutely  bloomless."  The  new 
bottles  not  only  had  the  printed  "de-bloomed"  labels,  but  they 
had  other  labels  with  the  word  "bloomless"  written  on  them. 
These  samples  were  precisely  the  same  as  the  others,  all  showing  the 
same  fluorescence  under  the  ultra-violet  light  illumination. 

I  then  prepared  a  new  series  of  standards  for  comparison, 
made  with  this  so-called  bloomless  oil,  so  that  it  is  possible  to 
readily  state  the  fact  and  even  the  proportion  of  adulteration  with 
de-bloomed  mineral  oil  in  any  specimen  of  non-fluorescent  oil 
mixed  with  such  de-bloomed  mineral  oil.  I  anticipate  that  this 
positive  statement  now  made  for  the  first  time,  will  cause  some 
consternation  among  makers  of  de-bloomed  mineral  oil. 

If  both  mineral  oil  and  resin  oil  be  used  in  combination  as 
adulterants,  it  becomes  more  difficult  to  make  quantitative  deter- 
minations instantly  by  the  fluorescent  method;  hence  the  qualifica- 
tion implied  in  the  word  "often."  But  "practice  makes  perfect" 
in  many  operations  and  this  is  no  exception  to  the  rule. 

It  might  naturally  be  supposed,  in  a  method  of  comparison 
of  this  nature,  that  it  would  be  necessary  for  all  of  the  test  tubes  or 
phials  used  to  contain  the  standards  and  the  samples  to  be  tested 
to  be  of  absolutely  uniform  size,  also  that  precisely  the  same 
quantities  of  oils  should  be  used  in  all  of  the  tests;  such,  however, 
is  not  the  case.  I  soon  noticed  that  the  color  of  the  fluorescence 
of  any  sample  of  mineral  or  resin  oil  was  not  changed  by  differ- 
ences in  the  quantity  of  oil  examined  or  in  the  dimensions  of  the 
bottles  containing  the  specimens,  differing  in  this  respect,  from 
the  marked  change  in  color  of  the  same  samples  viewed  by  trans- 
mitted light  in  glass  containers  of  different  sizes.  To  illustrate  this 
interesting  observation  I  have  prepared  exceedingly  thin  films  of 
mineral  and  resin  oils  (scarcely  thicker  than  soap  bubble  films)  by 
pressing  a  few  drops  of  each  between  plates  of  clear  glass  and 
mounting  them  like  lantern  slides.  Crude  mineral  oil  and  resin 
oil  are  very  dark  in  color  and  are  opaque  in  four  ounce  bottles, 

42 
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but  the. films  are  so  transparent  as  to  be  almost  invisible  when 
viewed  by  transmitted  light  of  any  kind.  When  placed  against 
a  black  background,  however,  and  examined  by  reflected  light  from 
the  source  I  employ,  they  fluoresce  brilliantly  in  the  same  green 
and  blue  colors  that  large  quantities  of  the  same  oils  show  under 
the  same  light. 

The  apparatus  generally  used  by  scientists  for  studying  fluores- 
cence is  quite  elaborate  and  costly,  consisting  of  quartz  prisms  and 
lenses  mounted  in  a  spectroscope  and  requiring  highly  trained 
observers;  but,  fortunately,  for  the  practical  use  and  value  of  this 
new  method  in  industrial  works,  I  have  found,  ready  at  hand  (in 
every  establishment  probably)  a  source  of  light  which  is  peculiarly 
adapted  to  the  purpose,  so  that  no  special  appliances  and  no  highly 
skilled  operators  are  needed. 

In  the  works  with  which  I  am  connected  we  have  in  daily 
use  many  kinds  of  electric  lights,  such  as  incandescent  filaments 
of  carbon,  tungsten,  etc.,  Cooper-Hewitt  mercury  vapor  tubes, 
ordinary  electric-arcs,  flaming-arcs  and  enclosed  arc-lights.  It 
is  one  of  these  forms  that  I  have  found  not  only  best  adapted  to  and 
most  convenient  for  the  purpose,  but  actually  far  more  effective 
than  any  of  the  costly  outfits  for  studying  fluorescence  that  I  have 
examined  m  one  of  the  best  appointed  physical  laboratories  in  the 
country. 

Incidentally  I  may  say  that  I  have  asked  a  number  of  scien- 
tists to  guess  which  one  of  the  forms  of  electric  light  named  is  the  one 
most  likely  to  be  found  suitable  for  this  purpose.  All  but  one 
said  the  "Cooper-Hewitt  mercury-vapor  light,"  the  other  said 
"the  flaming-arc."  They  were  wrong;  it  is  the  ordinary  enclosed 
arc,  so  commonly  used  in  industrial  works  by  reason  of  its  relative 
economy,  that  happens  to  give  out  rays  of  the  exact  wave  lengths 
needed  to  enormously  increase  the  fluorescence  of  these  oils.  If  the 
plain  glass  cover  of  this  light  fits  properly,  so  that  air  docs 
not  enter  as  rapidly  as  it  is  consumed,  the  arc  bums  in  a  partial 
vacuum  or,  at  least,  the  air  is  rarificd  and,  under  these  normal 
conditions,  this  light  shows  continuously,  after  burning  a  minute, 
a  faint  rosy  light  in  addition  to  the  powerful  white  light.  If  now 
a  vessel  containing  any  mineral  oil,  crude  or  refined,  or  any  resin 
oil,  be  placed  in  the  path  of  these  rays  the  most  intense  fluorescence 
appears,  even  in  davlight,  trrcenish  in  the  case  of  mineral  oil,  blue 
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in  the  case  of  resin  oil,  the  thin  films  already  mentioned  glowing  in 
the  same  manner.  So  strong  is  this  fluorescence  that  if  one  cubic 
centimeter  of  either  mineral  oil  or  resin  oil  be  diffused  in  a  bottle 
containing  ninety-nine  cubic  centimeters  of  linseed  oil,  or  any  non- 
fluorescent  oil,  its  presence  is  plainly  seen ;  and  I  have  even  detected 
one  cubic  centimeter  of  crude  mineral  oil  in  nine  hundred  and 
ninety-nine  cubic  centimeters  of  non-fluorescent  oil. 

I  have  examined  a  large  number  of  vegetable  oils,  such  as 
cotton-seed  oil,  com  oil,  China  bean  oil,  China  wood  oil,  etc.; 
and  have  not  found  a  trace  of  fluorescence  in  any  of  them.  It  is 
stated  in  some  text-books  that  "oleic  acid, "which  is  found  in  lard 
oil,  is  fluorescent.  On  examination  I  find  that  pure  white  strained 
lard  oil  is  entirely  free  from  fluorescence  under  the  ultra-violet  ray, 
but  all  of  the  samples  of  so-called  No.  i  or  No.  2  lard  oil  (sold  for 
use  in  machine  shops)  examined  possess  some  fluorescence,  and 
this  may  prove  to  be  a  novel  means  of  rapidly  determining  the 
proportion  of  oleic  acid  in  lard  oil,  though  I  only  suggest  it 
tentatively,  not  having  studied  the  matter  carefully  from  this 
point  of  view.  The  slight  fluorescence  of  ordinary  lard  oil  is 
different  in  appearance  from  that  of  mineral  oil  or  resin  oil,  and 
does  not  materially  interfere  with  the  application  of  the  fluorescent 
test  for  its  adulteration  with  mineral  or  resin  oil. 

There  is  a  metal-cutting  compound  sold  called  "mineral  lard 
oil" — there  is  no  deception  here,  for  its  name  proclaims  its  composi- 
tion. The  proportion  of  mineral  oil  in  this  compound  is  sufficient 
to  cause  intense  fluorescence  when  examined  under  the  rays  of  the 
enclosed  arc* 

In  order  to  make  a  quantitative  fluorescent  oil  analysis — if  I 
may  be  permitted  to  coin  such  a  term — in  cases  where  the  amount  of 
mineral  or  resin  oil  in  vegetable  or  animal  oil  is  over  ten  per  cent., 
causing  too  great  intensity  of  fluorescence  for  accurate  quantitative 
determinations,  it  is  simply  necessary  to  dilute  the  sample  to  any  de- 


•  Mineral  Lubricants. — There  are  a  number  of  compounds  on  the  market  sold  under 
various  names  which  are  more  or  less  transparent  and  of  a  jelly-like  or  gelatinous  consistency. 
These  are  nothing  more  nor  less  than  stearates,  palmitates,  or  oleates  of  alumina  mixed  with 
a  certain  proportion  of  mineral  oil.  Such  lubricants  are  bad  for  the  reasons  that :  First,  They 
have  a  strong  tendency  to  separate  into  thick  jelly  and  free  mineral  oil,  the  formerof  which 
will  choke  the  oil-holes  and  prevent  lubrication;  second,  owing  to  the  uncertainty  of  the 
feed,  the  bearings  are  liable  to  become  overheated;  and,  third,  heated  bearings  will  liquefy  the 
jelly  and  in  that  condition  it  has  little  or  no  lubricating  quality. — " Lubricantt,  Oils  and 
Creasts."  I.  I.  Redwood. 
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sired  degree  for  the  test  by  adding  sufficient  pure  vegetable  or  animal 
oil,  as  the  case  may  be,  to  bring  the  proportion  of  adulterant  within 
that  of  the  prepared  standards.  Thus,  if  the  sample  of  adulter- 
ated oil  showing  more  intense  fluorescence  than  the  ten- per  cent 
standard  is  diluted  with  an  equal  quantity  of  pure  non-fluorescent 
oil  and  then  shows  a  degree  of  fluorescence  corresponding  with  the 
ten-per  cent,  standard,  it  is  safe  to  conclude  that  it  contains  twenty 
per  cent,  of  fluorescent  adulterant. 

In  daily  practice  I  have  found  it  convenient  to  put  the  stan- 
dards in  narrow  tubular  oil  test  bottles  holding  about  fifty  cubic 
centimeters  each;  these  are  corked,  labeled,  and  placed  side  by 
side  in  small  wooden  racks  (like  test-tube  holders)  on  a  shelf  in 
proximity  to  an  enclosed  arc-light,  beginning  with  pure  oil  at  the 
left-hand  side,  then  a  similar  sample  containing  one-tenth  per  cent, 
of  mineral  or  resin  oil,  as  the  case  may  be,  then  one  per  cent.,  and 
so  on,  increasing  by  single  percentages  up  to  ten  per  cent.  It  is 
advisable  to  prepare  several  different  series  of  standards  with  fluo- 
rescent oils  of  different  grades.  Crude  mineral  or  resm  oils  are 
much  darker  in  color  than  refined  oils,  and  the  color  by 
transmitted  light  is  a  guide  to  the  kind  of  oil  that  has  been  used 
for  adulteration  and  is  consequently  an  indication  of  the  proper 
standard  series  to  be  used  for  comparison  in  making  a  quantitive 
fluorescent  analysis. 

It  is  not  necessary  to  prepare  standards  for  each  kind  of  vege- 
table or  animal  oil;  thus,  the  standard  series  prepared  with  lin- 
seed oil  serves  for  examination  of  cotton-seed  oil,  com  oil,  China 
wood  oil,  China  bean  oil,  or  any  other  non-fluorescent  vegetable 
oil.  It  is  necessary,  however,  to  prepare  special  standards  with 
lard  oil  for  testing  adulterated  lard  oils. 

The  ingenious  inventor  of  oil  sand  cores  (now  so  largely 
superseding  cores  made  by  the  old  methods)  conferred  a  valuable 
boon  to  foundries,  but  his  name  unfortunately  is  unknown.  Proba- 
bly the  process  was,  at  first,  guarded  as  a  trade  secret,  but  such 
secrets  cannot  be  kept  inviolate  for  any  length  of  time;  very 
recently  I  have  experienced  this.  Two  novel  processes  were 
devised  in  the  works  with  which  I  am  connected,  and  before  they 
had  been  in  practical  daily  use  for  one  month  knowledge  reganh'ng 
them  was  conveyed  by  workmen  to  another  establishment  and 
doubtless  the  same  will  be  repeated  elsewhere,  so  that  in  a  brief 
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time  both  methods  will  be  common  property.  Process  patents  are 
rarely  of  monetary  value,  as  they  are  easily  evaded.  The  making 
of  oil  sand  cores  has  grown  enormously  in  recent  years  and  many 
thousands  of  dollars  are  spent  annually  by  large  concerns  for  oils 
for  this  purpose.  The  compounding  of  core  oils  has  become  a 
large  business  and  nearly  all  samples  that  have  come  to  my  notice 
contain  mineral  or  resin  oil  or  both.  Neither  of  these  oils 
impart  any  valuable  properties  to  core  oils,  but  are  used  simply 
to  dilute  more  costly  oils;  and,  in  point  of  fact,  they  are  positively 
deleterious,  being  of  a  non-drying  nature,  impairing  the  good  oil 
binder  and  requiring  more  fuel  and  a  longer  time  for  baking  the 
cores  in  the  ovens.  When  we  reaUze  that  linseed  oil  (which  is  the 
best  binder)  costs,  at  the  present  time,  in  the  neighborhood  of  one 
dollar  per  gallon  and  crude  mineral  oil  about  three  cents  per 
gallon,  its  use  as  an  adulterant  is  readily  explained.  Resin  oil 
costs  a  good  deal  more  and  is  therefore  used  more  sparingly.* 

I  have  found  that  "Soya"  oil  expressed  from  beans  grown 
in  enormous  quantities  in  China  and  elsewhere,  is  an  excellent 
substitute  for  linseed  oil  for  making  cores  if  used  in  its  natural 
state,  without  having  been  compounded  or  adulterated  by  core- 
oil  makers.  It  costs  about  sixty  cents  per  gallon  for  fine  grades. 
The  very  best  substitute  for  linseed  oil  as  a  binder  for  oil  cores 
that  I  have  discovered  is  crude  whale  oil,  costing  about  the  same 
as  Soya  oil,  the  only  objection  to  its  use  being  an  unpleasant  fishy 
smell  which  escapes  from  the  core  ovens  during  the  baking  of 
cores.  It  makes  a  splendid  binder.  I  am  told  it  is  now  being 
de-odorized,  but  I  doubt  the  effectiveness  of  any  such  treatment. 
Cotton-seed  oil  is  used  for  the  same  purpose,  but  so  much  larger 
proportion  of  oil  to  sand  is  required  that  there  is  little  economy 
in  its  use  as  compared  with  the  other  vegetable  oils. 

A  simple  and  practical  test  of  the  value  of  core  oils  is  to  make 
a  dozen  companion  test  cores  i  by  i  by  15  ins.  from  batches  of 
pure  linseed  oil  and  sharp  sand,  and  also  from  the  same  propor- 
tions of  any  other  oil  and  sharp  sand.  These  are  placed  side  by 
side  on  an  iron  plate  and  baked  under  precisely  the  same  heat 

*The  price  of  linseed  oil  has  been  doubled  in  the  past  few  years.  Recent  statistics 
show  that  in  the  United  States  alone  over  twenty-five  million  bushels  of  flaxseed  are 
consumed  annually  in  the  manufacture  of  linseed  oil,  the  bulk  of  which  is  used  for 
paint.  To  produce  so  much  seed  requires  from  two  million  to  two  and  one-half  mil- 
lion acres  under  cultivation. 
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LEGEND   TO   PLATE   V. 

Description  of  colored  plate  showing  twenty-four  samples  of  vegetable, 
mineral  and  animal  oils  by  reflected  light  from  rays  of  an  enclosed  arc  lamp 
using  direct  current  of  220  volts.  Number  i  to  18,  inclusive,  show  only 
orange  yellow  color  in  daylight,  similar  to  samples  numbered  i  and  7  which 
are  not  fluorescent  oils. 


Series  A.     Linseed  Oil. 
1.  Linseed  oil  (pure),  shows  no  fluorescence.    Unchanged  !)y  ultra-violet  rays. 


containing       o.  i  %  mineral  oil.     Greenish-blue  fluorescence. 
"  i.o 

3.0  

<i  -  -  <<        <i  ii  <>  << 

lO.O  " *  " 


Series  B.     Soya  Bean  Oil. 
7.  Soya  bean  oil  (pure),  shows  no  fluorescence.  Unchanged  by  ultra-violet  rays. 


8. 

9- 
10. 
II. 
12. 


containing    o.  i  %  resin  oil. 

1.0         "      " 

3.0         "      " 

5.0         "      " 

"  lo.o         "      " 


Pure  blue  fluorescence. 


Series  C.     Linseed  Oil. 
13.  Linseed  oil,  containing  1.0%  de-bloomed  mineral  oil.  Violet-blue  fluorescence. 
14-       30 

15.       5-0 

16.  "        "  "        10. o  " 

17.       150 

18.  "        "  "      20.00  " 


Series  D.     Miscellaneous  Oils. 


19.  Cylinder  oil. 

20.  De-bloomed  mineral  oil. 

21.  Kerosene.* 

32.  Gasoline. 

33.  Restn  oil. 

34.  Ordinary  No.  1  lard  oil. 


Ruby-red  color  by  transmitted  light. 
Orange-yellow  color  by  transmitted  light. 
Water-white  color  by  transmitted  light. 
Shows  no  fluorescence. 
Ruby-red  color  by  transmitted  light. 
Pale  yellow  color  by  transmitted  light. 


*  Owing  to  the  comparative!/  (aint  dcgne  of  fluorescence  of  kerosene  under  the  mys 
of  the  oncioMd  arc  Ump,  ttiit  light  will  not  readily  detect  kcruscnc  when  present  uii  an 
adultcHMlt  In  tmall  amount  in  any  non-flunreecent  uil.  The  more  hiuhly  volutilc  products 
of  pctrohittiD,  Mcb  M  petroleum-ether,  an  not  fluoretcent  at  all. 


Plate  V. 

Proc.  Am.  Soc.  Test.  Mats. 

Vol.  XI. 
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conditions.  When  cold  they  are  broken  on  a  transverse  testing 
machine  with  supports  12  ins,  apart.  The  relation  between  the 
average  strength  of  the  two  sets  of  test  cores  is  a  measure  of  the 
binding  qualities  of  the  oils. 

The  prime  motive  of  this  paper  has  been  to  present  to  the 
American  Society  for  Testing  Materials  a  new  and  practical 
method,  suitable  for  daily  use  in  industrial  works  of  instantly 
detecting,  without  chemical  analysis  or  highly  skilled  operatives, 
the  presence,  and,  in  many  instances,  the  actual  proportion  of 
cheap  mineral  or  resin  oil  adulterants  in  costly  vegetable  and 
animal  oils  now  used  in  great  quantities  in  such  establishments. 
In  addition,  I  venture  to  think  that  perhaps  this  investigation  in 
fluorescence  of  certain  oils  may  open  up  a  new  field  of  scientific 
study  of  the  long-disputed  question  of  the  true  origin  of  mineral 
oil.  Alexander  Winchell,  LL.D.,  said  in  one  of  his  books  on 
Geology:  "Mineral  oil  is  chiefly  the  product  of  the  distillation  of 
shales  charged  with  vegetable  matter,  probably  ancient  sea-weeds." 
If  such  be  the  case  should  we  not  expect  to  find  in  mineral  oil  a 
trace,  at  least,  of  bromine  and  iodine,  since  these  are  invariably 
components  of  sea-weed?  As  mineral  oil  and  resin  oil  fluoresce 
with  equal  intensity  (unlike  any  other  oils)  under  excitation  of  rays 
of  light  having  the  same  wave  lengths,  and  as  they  resemble  each 
other  also  in  their  chemical  constitution  and  molecular  structure, 
is  it  not  at  least  permissible  to  speculate,  in  advance  of  investiga- 
tion along  these  lines,  on  the  probability  of  a  uniform  origin? 
Mineral  oils  and  resin  oils  are  both  hydrocarbon  oils,  the  main  differ- 
ence between  them  being  that  resin  oils  are  partially  oxidized  hydro- 
carbons, and  are  to  a  certain  degree  saponifiable,  while  mineral  oils 
are  non-oxidizable  hydrocarbons  and  are  not  saponifiable. 

Chemists  will,  I  believe,  eventually  solve  the  problem  that  has 
hitherto  baffled  all  their  endeavors,  of  oxidizing  hydrocarbon  or 
mineral  oils  and  of  rendering  them  sap)onifiable.  The  monetary 
value  of  such  a  discovery  is  incalculable  and  the  solver  of  the 
riddle  would  at  once  rank  among  great  discoverers.* 


*  Bulletin  No.  2,  Vol.  7.  1910,  of  the  Bureau  of  Standards  of  the  Department  of  Com- 
merce and  Labor,  Washington.  D.  C,  entitled  "The  Action  of  Sunlight  and  Air  upDn  some 
Lubricating  Oils,"  states  as  follows:  "  In  1885  Schaal  patented  a  process  for  the  manufacture 
of  soaps  by  the  action  of  air  upon  mineral  oils  in  the  presence  of  alkaline  substances.  In 
1891  Zaioziecki  studied  the  oxidation  of  petroleum  by  means  of  air.  By  blowing  cold  air 
through  the  oil  the  o.^tidation  was  slight,  but  was  greatly  increased  in  the  presence  of  sodium 
hydroxide.     Hirsh  passed  air  through  mineral  oils  in  the  presence  of  soda  lye  and  even  after 


664  OUTERBRIDGE   ON    FLUORESCENT    TESTS. 

After  careful  search  through  literature  on  the  subject  of  light, 
and  after  extended  correspondence  with  scientific  investigators  of 
fluorescence  and  cognate  studies,  I  have  been  unable  to  find  any 
precedent  for  guidance  in  proposing  such  a  scheme  for  practical 
use  in  the  instantaneous  detection,  without  employing  chemical 
means  or  expert  knowledge  of  hydrocarbon  oils  in  other  oils  and 
of  making  quantitative  determinations  by  means  of  fluorescence 
under  illumination  with  ultra-violet  rays. 

In  opening  up  a  new  path  in  any  hitherto  unexplored  region 
new  vistas  usually  present  themselves  at  unexpected  moments,  and 
several  alluring  by-paths  have  already  been  partially  revealed  in 
the  course  of  this  investigation  which  may  lead  to  furthur  inter- 
esting developments  in  the  future. 

In  conclusion,  I  venture  to  express  the  hope  and  belief  that  the 
process  here  described  will  prove  to  be  all  that  is  claimed  for  it,  and 
applicable  to  all  manufacturing  industries  using  vegetable  and 
animal  oils  for  sundry  purposes;  that  it  will  even  prove  helpful 
in  analytical  laboratories;  that  it  may  serve  to  discourage  the 
making  of  de-bloomed  oils  for  purposes  of  adulterating  other  oils; 
and  that  it  may  be  a  worthy  contribution  to  applied  science  by 
one  whose  somewhat  lengthy  professional  life,  extending  over 
forty  years,  has  been  mainly  occupied  in  experimental  work  in 
large  industrial  establishments. 


twelve  hours  at  70°  could  detect  no  change  in  the  alkali,  concluding  that  there  was  no 
oxidation." 

Tests  arc  recorded  in  this  Bulletin  showing  the  action  of  sunlight  and  air  on  mineral 
oils,  extending  over  jjcriods  of  many  months,  which  were  made  in  the  Bureau  of  Standards. 
It  appears  that  the  maximum  amount  of  oxygen  taken  up  by  mineral  oil  under  these  con- 
ditions was  less  than  3  per  cent. 

There  is  no  doubt  that  oxidation  to  a  United  extent  does  occur  under  some  conditions. 
although  statements  that  appear  from  time  to  time  in  print  regarding  the  discovery  of  new 
methods  of  saponifying  mineral  oil  may  be  classed  in  the  same  category  as  perennial  announce- 
ments of  the  discovery  of  perpetual  motion;  but.  whcrea.^  the  theory  of  perpetual  motion  Is 
diametrically  opposed  to  known  physical  laws  and  is,  therefore,  not  logically  conccivablo, 
the  problem  of  oxidation  and  saponification  of  mineral  oil  encounters  no  such  theoretical 
objections.  The  obstacles  in  the  way  are  due  to  the  limitation  of  our  knowledge  of  the 
molecular  cotutniction  of  mineral  oil.  We  know  the  elements  of  which  it  is  composed,  but 
w«  do  not  know  how  they  were  originally  united,  or  how  they  may  be  divorced  and  mad* 
to  form  new  unions  with  other  elements,  such  as  oxygen,  etc. 

Th*  extremely  high  temperatures  now  obtainable  in  electric  furnaces  and  the  modem 
OMtbods  of  producing  oxygen  and  oxone  on  commercial  scale  at  comparatively  low  coat 
MggMt  now  pouibilities  for  research  in  the  direction  indicated,  by  subjecting  mineral  oil  to 
Uffalx  oitdltim  influaacM  at  very  high  temperaturot  and  undor  varying  prcssurei. 


DISCUSSION 


Vice-President  R.  W.  Lesley  (in  the  Chair). — This  has  The  chairman, 
been  a  very  interesting  demonstration.      I  am  sure  that  the 
Society  ought  to  be  very  thankful  to  Mr.  Outerbridge  for  having 
made  it.     It  will  doubtless  prove  useful  to  a  great  many  of 
us.     Is  there  any  discussion  on  this  presentation? 

Mr.  S.  S.  Voorhees.— I  should  like  to  ask  Mr.  Outerbridge  Mr.  Voorhees. 
if  he  finds  much  variation  in  the  fluorescence  in  difTerent  types 
of  mineral  oils? 

Mr.  a.  E.  Outerbridge,  Jr. — Only  in  connection  with  the  Mr.  Outerbridge. 
degree  of  refining,  as  I  have  shown.  The  more  highly  oil  is 
refined,  the  more  transparent  it  becomes  and  the  less  fluorescent. 
Thus,  kerosene  is  of  a  beautiful  sky-blue  color  under  this  light 
while  gasoline  is  not  fluorescent  at  all.  As  a  rule  highly  volatile 
prjducts  are  not  fluorescent. 

Mr.  p.  H.  Walker. — Have  you  made  any  experiments  by  Mr.  Walker, 
mixing  turpentine  and  resin  oil? 

Mr.  Outerbridge.^ — Yes,  it  shows  exactly  the  same  thing  Mr.  Outerbridge. 
that  I  have  shown  you.  There  is  no  fluorescence  in  turpentine. 
I  have  a  sample  here,  containing  50  per  cent,  of  resin  oil  and 
50  per  cent,  of  turpentine.  I  am  quite  sure  I  showed  it.  It 
is  full  of  fluorescence  owing  to  the  resin  oil.  One  per  cent,  of 
resin  oil  in  turpentine  is  sufficient  to  impart  fluorescence  that  is 
readily  observable  under  the  ultra-violet  light  rays. 
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ORGANIC   RESIDUES    FROM   SOLUBLE   BITUMEN 

DETERMINATIONS:    SULPHUR  IN 

TAR   RESIDUES. 

By  Prevost  Hubbard  and  C.  S.  Reeve. 

In  a  recent  paper  presented  before  this  Society,*  the  authors 
discussed  various  methods  for  the  determination  of  soluble  bitumen 
with  reference  to  comparative  data  obtained  upon  six  types  of 
bituminous  materials.  As  a  result  of  this  work,  one  of  the  methods 
was  tentatively  selected  for  routine  work  in  the  laboratories  of  the 
United  States  Office  of  Public  Roads.  In  this  method,  which  will 
be  later  described  in  detail,  the  bitumen  is  first  digested  for  15 
minutes  in  carbon  disulphide  at  air  temperature  and  the  solution 
then  filtered  through  a  Gooch  crucible  fitted  with  an  asbestos 
filter.  Another  method  which  also  looked  promising  was  quite 
similar,  the  only  difference  being  that  the  bitumen  was  first  digested 
for  a  short  time  in  boiling  carbon  disul])hide  before  filtering. 

The  object  of  the  work  presented  in  this  })a})er  is,  first,  to 
study  the  composition  of  insoluble  organic  residues  in  bitumens, 
and,  second,  from  such  study  to  secure  data  which  might  throw 
further  light  on  the  relati\e  \alue  of  the  two  methods  previously 
mentioned.  In  this  work,  which  is  merely  preliminary  to  future 
investigations,  it  was  decided  to  study  the  insoluble  organic 
residues  from  coal  tars,  in  preference  to  other  bitumens,  for  the 
following  reasons: 

First :  This  class  of  bitumens  shows  the  greatest  variation  in 
the  percentage  of  organic  residue  obtained  by  different  methods. 

Second:  These  residues  are  practically  free  from  inorganic 
material. 

Third:  A  large  amount  of  residue  for  investigation  can  be 
obtained  from  a  single  determination. 

The  insoluble  organic  matter  in  tars  is  commonly  termed 
"free  carbon,"  although  it  has  long  been  known  that  other  con- 
stituents arc  also  present   in  relatively  small  amounts.    As  the 

*  "Tlw  DtUminatioo  of  Soluble  Bitumen,"  Procttdintt>  Vol.  X,  lyiu,  pp.  410-431. 
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percentage  of  so-called  free  carbon  obtained  from  a  given  tar  is 
found  to  vary  with  the  solvent  used  and  the  method  of  extrac- 
tion, it  seemed  reasonable  to  suppose  that  such  residues  would 
naturally  vary  somewhat  in  composition ;  also  that  the  composition 
of  residues  obtained  from  different  tars  might  be  expected  to 
differ  even  when  obtained  according  to  the  same  method. 

Supporting  the  first  assumption  Lunge*  states  that  "  Behrens,f 
by  digesting  hard  pitch,  freed  from  all  oils  up  to  specific  gravity 
1,120,  successively  with  cold  benzene,  carbon  disulphide,  boiling 
benzene,  and  boiling  alcohol,  obtained  23.54  per  cent,  of  a  black 
powder,  containing  90.836  per  cent,  carbon,  3.058  per  cent,  hydro- 
gen, and  0.398  per  cent,  ash;  when  treated  somewhat  differently, 
the  residue  yielded  91.921  carbon,  3.157  hydrogen  and  0.872  ash." 
Donath  and  Asricl|  found  that  the  residue  obtained  by  extract- 
ing hard  pitch  with  petroleum  spirit,  benzol,  and  carbon  disul- 
phide, contained  89.2  carbon,  2.3  hydrogen,  0.7  nitrogen,  7.13 
oxygen  and  0.67  ash. 

Residues  obtained  by  the  authors  from  a  refined  coal  tar 
according  to  the  flask  methods  hereafter  described,  in  which 
benzol,  and  carbon  disulphide  both  cold  and  boiling,  were  employed 
as  solvents  for  varying  periods  of  digestion,  gave  the  following 
results  upon  analysis: 

Carbon varying  from  90 .  1 7  to  94 .  26  per  cent. 

Hydrogen "  "         2 .  59  "      3  •  31     "       " 

Oxygen "  "        i.Si    "      5.91     "       " 

Sulphur "  "        0.50  ■■      1.78    "       " 

Nitrogen no  trace  upon  a  qualitative  test. 

As  the  estimation  of  sulphur  in  organic  tar  residues  ofifered 
an  api)arently  new  field  of  investigation,  it  was  decided  to  first 
concentrate  work  upon  this  element.  The  results  so  obtained  will 
be  discussed  after  the  following  descriptions  of  the  methods  of 
securing  the  organic  residues  which  were  examined  and  the  method 
of  determining  the  sulphur  content  of  these  residues. 

Cold  Method  for  Determining  Insoluble  Organic  Residues. — 
A  2-gram  sample  of  the  bitumen  was  weighed  in  a  loo-cc.  Erlen- 

*  "Coal  Tar   and    Ammonia,"  Fourth    Edition,  Part  1,  p.    431.     (D.  Van    Nostrand 
Company.) 

t  Dingler's  Polytechnisclies  Journal,  Vol-  CCVIII,  p.  369. 
X  Chemischcs  Ceniral-Blalt,  1003,  i.,  lOOp. 


668  Hubbard  and  Reeve  on  Sulphur  in  Tar  Residues. 

meyer  flask  which  had  been  previously  tared.  It  was  dissohed 
by  the  slow  addition  of  loo  cc.  of  solvent,  with  constant  twirling 
until  the  material  was  entirely  broken  up,  after  which  the  flask 
was  set  aside  for  15  minutes.  At  the  end  of  that  time  the  solution 
was  filtered  through  a  felt  of  long-fiber  amphibole  asbestos,  con- 
tained in  a  large  platinum  Gooch  crucible  which  had  been  pre- 
^'iously  ignited  and  weighed.  All  the  insoluble  matter  was  washed 
on  to  the  felt  by  the  solvent  and  the  flask  scrubbed  with  a  chicken 
feather.  A  slight  suction  was  applied  when  necessary,  and  the 
contents  of  the  crucible  washed  until  the  washings  came  through 
practically  colorless.  The  crucible  and  contents  were  dried  in  a 
hot-air  oven  at  about  100°  C,  cooled,  and  weighed. 

Hot  Method  for  Determining  Insoluble  Organic  Residues. — A 
2-gram  sample  of  the  bitumen  was  weighed  in  a  loo-cc.  Erlen- 
meyer  flask  as  before,  and  broken  up  by  the  addition  of  50  cc.  of 
solvent.  The  flask  was  then  connected  to  a  short  spiral  reflux 
condenser  and  placed  over  a  steam  bath,  where  the  solution  was 
maintained  at  its  boiling  point  for  15  minutes.  The  flask  was 
then  disconnected  and  the  solution  filtered,  the  procedure  being 
exactly  the  same  as  in  the  cold  method. 

Determination  of  Sulphur. — The  sulphur  determinations  were 
made  in  the  apparatus  designed  by  Dr.  Graefe.  The  method  is 
based  upon  the  combustion  of  the  material  in  an  atmosphere  of 
ox>'gen,  the  absorption  and  oxidation  of  the  sulphur  products 
to  the  sulphate  form  in  an  aqueous  solution  of  sodium  peroxide, 
and  the  determination  of  the  sulphur  as  barium  sulphate.  The 
combustion  is  made  in  a  glass  bottle  of  about  8  liters  capacity, 
fitted  with  a  rubber  stopper  carrying  a  100-cc.  short- stem  se})aratory 
funnel.  Two  copper  wires  about  tV  in.  in  diameter  pierce  the-stop- 
per,  one  on  each  side  of  the  funnel.  One  of  these  wires  extends 
into  the  bottle  two- thirds  of  the  distance  to  the  bottom,  the  other 
about  one-half.  The  end  of  the  longer  wire  is  bent  at  right  angles 
into  a  circle  to  hold  a  small  j)erforated  platinum  cone.  A  piece 
of  j)latinum  foil  is  soldered  around  the  end  of  the  shorter  cojjper 
wire,  and  another  at  a  [)oint  opposite  on  the  longer,  to  make  good 
contact  with  a  thin  platinum  wire  o.i  to  0.2-mm.  in  diameter 
which  connects  the  two.  The  rubber  stopper  is  protected  at  the 
bottom  by  a  disk  of  asbestos  board  having  perforations  for  the 
fuimcl  and  copper  wires. 
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In  preparing  for  the  determination,  the  bottle  was  first  filled 
with  tap  water  which  was  then  dis{)laced  by  oxygen  from  an  oxygen 
tank.  Any  impurities  remaining  from  the  tap  water  were  rinsed 
out  by  a  couple  of  washings  with  a  small  amount  of  distilled  water. 

The  sample  of  organic  residue  for  combustion  was  taken  from 
the  Gooch  crucible  in  small  pieces  as  free  as  possible  from  asbestos 
and  placed  in  the  weighed  platinum  cone.  From  0.2  to  0.3  gram 
was  used  for  a  determination.  The  cone  with  contents  was 
placed  in  the  ring  of  copper  wire  and  a  strand  of  yam  was  run 
from  the  platinum  wire  into  the  sample.  The  sample  was  then 
lowered  into  the  bottle  of  oxygen  and  a  brass  clamp  placed  over 
the  rubber  stopper  to  hold  it  firmly  in  place. 

On  applying  the  poles  of  a  dry  battery  to  the  copper  wires  the 

Table  I. — The  Sulphur  Content    of    Organic   Residues  Obtained 
FROM  Tar  Sample  3898  with  Carbon  Disulphide. 


Digestion. 

Insoluble 
Organic 
Matter, 

per  cent. 

Sulphur  in  Insoluble  Organic  Matt«r, 
per  cent. 

Sulphur  in 
Residue, 

1 

2 

Average. 

per  cent,  of 
original  tar. 

16  minutes,  cold.  .  .  . 
30  days,           "    .... 

15  minutes,  hot 

3  hours,         " 

24      " 
32       " 

22.22 
26. G3 
21.42 
21.24 

23 .17 

0.54 
1.78 
0.79 
1.10 
1.28 
1.48 

0.69 

i.os 

0.57 
1.78 
0.79 
1.07 
1.28 
1.48 

0.13 
0.47 
0.17 
023 

6.34 

}arn  ignited,  producing  ignition  of  the  sample,  and  complete  com- 
bustion of  the  organic  material  followed.  The  bottle  was  cooled 
by  pouring  ice  water  over  its  sides,  after  which  50  cc.  of  a  lo-per 
cent,  solution  of  sodium  peroxide  in  ice-cold  distilled  water  wa^, 
run  in  through  the  separatory  funnel.  The  bottle  was  allowed  to 
stand  for  about  an  hour,  or  until  all  vapors  had  settled,  after  which 
the  contents  were  washed  out  into  a  beaker,  acidified  with  h}dro- 
chloric  acid,  and  the  determination  of  sulphur  made  by  precipit.i- 
tion  with  barium  chloride.  The  asbestos  remaining  in  the  cone 
was  dried  at  105°  C,  cooled  and  weighed,  and  its  weight  deducted 
from  that  of  the  original  amount  taken,  thus  giving  the  exact 
weight  of  the  organic  matter  actually  consumed. 

Before  beginning  the  work,  blank  tests  were  run  with  the 
reagents  and  cotton  yarn,  and  no  trace  of  sulphur  was  found. 

The  first  tar  to  be  examined  was  a  very  viscous  refined  product 
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which  was  found  to  contain  0.51  per  cent,  of  sulphur.  A  15- 
minute  cold  extraction  with  carbon  disulphide  made  in  the  manner 
above  described  yielded  an  organic  residue  of  22.2':  per  cent. 
This  residue  was  found  to  contain  0.57  percent,  of  sulphur,  which, 
calculated  on  the  basis  of  the  original  tar  as  100,  represents  0.13 
per  cent.  Upon  different  periods  of  digestion  with  cold  and  hot 
carbon  disulphide,  the  percentage  of  organic  residue  was  found 
to  var}'  considerably,  as  was  to  be  expected  from  the  work  described 
in  our  former  paper.  Moreover,  the  composition  of  these  residues 
was  found  to  vary  in  so  far  as  their  sulphur  content  is  concerned. 
These  results  are  given  in  Table  I  and  indicate  that  where  carbon 
disulphide  is  used  as  a  solvent,  the  percentage  of  sulphur  in  the 
residues  increases  with  the  length  of  digestion  and  the  temperature 
of  the  solvent.     That  this  increase  in  the  percentage  of  sulphur 

Table   II. — The  Sulphur  Content  of  Organic  Residues  Obtained 
FROM  Tar  Sample  3898  with  Benzol. 


Digestion. 

Insoluble 
Organic 
Matter, 

per  cent. 

Sulphur  in  Insoluble  Organic  Matter, 
per  cunt. 

Sulphur  in 
Residue, 

1 

2 

Average. 

per  cent,  of 
original  tar. 

15  minutes,  cold. .  .  - 

30  days,          "   

3  hours,  hot 

26.60 
28.06 
23.96 

0.51 
0.04 
0.61 

0.48 
6.54 

0.50 
0.64 
0.63 

0.13 
0.18 
0.13 

in  the  residue  has  no  direct  relation  to  the  percentage  of  residue 
obtained,  is  evidenced  by  the  figures  in  the  last  column.  It  will 
be  noted  that  in  the  30-day  cold  extraction  nearly  the  same  amount 
of  sulphur  found  in  the  original  tar  aj)peared  in  the  insoluble 
residue,  the  percentage  based  upon  the  tar  as  100  being  0.47  as 
against  0.51  per  cent,  originally  found.  This  led  us  to  suspect 
that  upon  long  digestion  or  heating,  either  the  total  sul])hur  in 
the  tar  was  precipitated  as  organic  sulj)hur  compounds,  or  that 
a  reaction  between  the  solvent  and  the  tar  might  have  taken  place 
with  the  formation  of  insoluble  compounds  containing  suli)hur. 

To  shed  some  light  on  this  theory  it  was  decided  to  make  use 
of  a  solvent  containing  no  sulphur  in  its  composition.  Chemically 
pure  benzol  seemed  well  adapted  for  the  work  and  a  number  of 
extrartions  were  therefore  made  with  this  solvent.  'J'he  results 
obtained  are  given  in  Table  II.    It  will  be  noted  that  the  residue 
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from  the  15-minute  cold  digestion  with  benzol  shows  a  slightly 
lower  percentage  of  sulphur  than  that  from  the  15-minute  cold 
digestion  with  carbon  disulphide.  The  percentage  of  residue  from 
the  former  was,  however,  about  3.4  per  cent,  higher,  so  that  the 
sulphur  in  the  residue  calculated  on  the  basis  of  the  original  tar 
amounts  to  o.  13  per  cent.,  which  is  exactly  the  same  as  that  obtained 
in  like  manner  from  the  15-minute  cold  digestion  with  carbon 
disulphide.  This  indicates  that  a  short  cold  digestion  with  carbon 
disulphide  produces  no  reaction  with  the  formation  of  sulphur 
compounds.  The  30-day  cold  digestion  with  benzol  showed  only 
a  very  slight  increase  in  sulphur  and  the  3-hour  hot  digestion  none 

Table  III— The  Sulphur  Conte.nt  of  Organic  Residues  Obtained 
FROM  Tars  with  Carbon  Disulphide. 


Tar 

Sample 

No. 


3898. 


32 \ 


4332 


4807  .  .  . 


Digestion. 


16  minutes,  cold- 
15        "         hot. . 

15  minutes,  cold. 

15  "         hot.. 

16  minutes,  cold. 
15         "        hot.. 


Insoluble 
Organic 
Matter, 

per  cent. 


22.221 
22.39/ 
21.24 

28.761 
28.96/ 
28.621 
28.48/ 


14  79 


14   05 


Sulphur  in  Insoluble  Organic 
Matter,  per  cent. 


0  54 
0  79 

0.78 
106 

r0.9fi 
089 
082 
107 
1.00 


Average. 


Sulphur  in 

Residue, 

per  cent,  of 

original  tar. 


0  59 


0.78 
1.02 

0911 

0.89 

096 

0  91 

1  03 


0 

57 

0 

79 

0 

77 

1 

04 

0 

90 

1 

00 

0.13 
0.17 

0.22 
0.30 

0.13 
0.14 


at  all,  which  is  quite  the  reverse  of  the  results  obtained  with  carbon 
disulphide  for  a  long  cold  digestion  or  a  short  hot  one.  The 
superiority  of  carbon  disulphide  as  a  solvent  for  each  comparative 
run  is,  however,  very  evident. 

The  fact  that  a  15-minute  hot  digestion  with  carbon  disulphide 
gave  a  residue  with  a  slightly  higher  percentage  of  sulphur,  on  the 
basis  of  the  original  tar,  than  the  15-minute  cold  digestion,  made 
it  desirable  to  ascertain  if  the  same  relation  would  hold  true  for 
other  tars.  Two  other  refined  road  tars  were  therefore  run 
according  to  both  methods,  with  the  results  shown  in  Table  III. 
From  the  last  column  in  this  table  it  will  be  seen  that  the  same 
tendency  occurs,  although  the  difference  in  Sample  4897  is  so  small 
as  to  be  negligible. 


672  Hubbard  and  Reeve  on  Sulphur  in  Tar  Residues. 

Without  commenting  further  on  the  work  so  far  accomplished, 
the  authors  wish  to  state  that  these  investigations  will  be  continued 
on  other  types  of  bitumen,  not  only  with  regard  to  the  sulphur 
content  of  organic  residues,  but  also  along  the  line  of  determining 
their  ultimate  composition.  Certain  weathering  tests  on  different 
types  of  bitumen  show  that  the  percentage  of  insoluble  organic 
matter  increases  with  the  age  of  the  material,  and  a  study  of  the 
composition  of  such  products  offers  an  interesting  field  which  is 
now  being  investigated.  The  results  of  these  investigations  will 
be  published  in  a  later  paper. 


IMPROVED   INSTRUMENTS  FOR  THE   PHYSICAL 
TESTING   OF   BITUMINOUS  MATERIALS  * 

By  Herbert  Abraham. 

In  the  preceding  papers  instruments  were  described  for  deter- 
mining the  fusing  point  (fusibility) ,  hardness  (consistency) ,  tensile 
strength  (tenacity),  and  ductility  of  bituminous  substances.  The 
instrument  for  testing  the  fusing  point  has  been  termed  the 
"Fuse  Meter,"  that  for  determining  the  hardness  the  "Con- 
sistometer, "  and  the  instrument  for  determining  the  tensile  strength 
and  ductihty  the  "  Tensometer. " 

These  three  instruments  have  been  developed  further  in  the 
past  year,  and  tests  have  been  made  on  a  large  number  of  com- 
mercial bituminous  substances  in  order  to  study  the  above  physical 
characteristics.  In  this  paper  the  modified  types  of  mstruments 
will  be  first  briefly  described.  A  number  of  typical  tests  will 
follow,  together  with  a  discussion  of  the  results. 

Fuse  Meter. — The  improved  instrument  for  determining  the 
fusing  point  is  illustrated  in  Fig.  i.  The  apparatus  has  been 
modified  in  one  or  two  minor  respects  since  the  original  article  was 
published.  The  several  parts  are  now  enclosed  in  a  wooden  case 
equipped  with  a  counterweighted  sliding  glass  door,  not  shown  in 
the  illustration. 

The  dial  in  the  center  of  the  figure  is  graduated  in  degrees 
Fahrenheit,  and  is  fastened  to  an  electric  clock  which  is  connected 
with  a  metronome  interrupter  shown  in  the  lower  left  compart- 
ment. The  metronome  is  adjusted  to  beat  seconds,  so  that  one 
revolution  of  the  minute  hand  on  the  dial  will  take  place  in  60 
seconds,  recording  a  rise  of  4°  F.  This  corresponds  to  the  rate  of 
1°  F.  every  15  seconds.  The  hour  hand  records  the  exact  temper- 
ature on  the  inner  portion  of  the  dial,  which  is  graduated  from 
0°  to  240°  F.  The  electric  clock  is  operated  by  two  sets  of  dry 
batteries  contained  in  the  second  compartment,  which  is  shown 
closed.     The  batteries  may  be  thrown  in  by  means  of  the  two-pole 

*  This  is  the  third  jsaper  on  this  subject  by  the  author.     See  papers  of  the  same  title. 
Proceedings,  Vol.  IX,  1909,  pp.  568-579;  Vol.  X,  1910,  pp.  444-451. 
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switch  located  directly  underneath  the  dial.  The  third  and  lower 
right-hand  compartment  is  used  for  storing  the  fusing-point  tubes 
and  for  collecting  the  mercury  at  the  termination  of  the  test,  which 
is  poured  through  the  small  chute  showTi  directly  beneath  the  meas- 
uring tube  at  the  right-hand  side  of  the  instrument. 

The  construction  of  the  heating  coil  is  exactly  the  same  as 
described  in  the  original  paper. 

For  substances  fusing  at  temperatures  higher  than  212°  F., 
a  dififerent  arrangement  must  be  used,  as  illustrated  in  Fig.  2.     The 


Fio.  I. — Fuse  Meter. 


water  in  the  previous  test  is  replaced  with  castor  oil.  This  has  been 
found  to  be  much  more  satisfactory  than  parafiin  oil,  which  was 
originally  recommended  for  this  purpose,  for  it  docs  not  exert  a 
marked  solvent  action  on  the  harder  forms  of  bituminous  materials 
at  high  temperatures,  and  neither  vaporizes  nor  darkens  appreci- 
ably, as  was  the  case  with  i)arafrm  oil.  Castor  oil  may  be  heated 
safely  up  to  about  600°  F.  This  tem[)erature  may  seem  higli,  but 
the  author  has  examined  a  number  of  so-called  "asphaltites"  which 
fused  at  as  high  as  580°  F. 

The   method  of   procedure   consists   in  powdering  a  small 
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quantity  of  the  high-fusing-point  bitumen,  and  compressing  some 
of  the  powder  in  the  lower  end  of  the  glass  fusing-point  tube.  The 
tube  is  then  heated  carefully  above  the  flame  of  a  burner  until  the 
plug  of  bitumen  softens,  which  is  evidenced  by  the  color  changing 
from  a  dull  to  a  glossy  black.  The  tube  is  then  stood  upright  and 
held  firmly  against  a  block  of  wood,  and  a  snug-fitting  glass  rod 
inserted  in  the  upper  end  of  the  tube  and  pressed  against  the  plug 
of  softened  bitumen,  so  as  to  compact  it  into  a  solid  mass,  which 


Fahrenheit 
Thtrmomeltr"' 


Fusing  -Fbinf 
Tubes 


Castor  Oil  — 


_B     Liquid 
^      Level"'^ 


6,7  mmt. 


I- -Rubber  Tube 


.-Sgmi  Mercury 

— 5mmi  Bitumen 

^-••1,4'ivm.  Air  Space 


...  Copper  Gauze 


•  •  'Magnesia-AsbesTca 
Pipe  Covering 


Fig.  3. 


should  then  measure  about  7  to  9  mm.  in  length.  On  cooling,  the 
bitumen  is  carefully  scraped  from  the  lower  portion  of  the  tube, 
leaving  a  plug  about  5  mm.  long  and  2  to  4  mm.  above  the  lower 
opening.  Five  grams  of  mercury  are  then  introduced  on  top  of 
tile  plug  of  bituminous  material  ui  the  usual  manner.  On  suspend- 
ing the  fusing-point  tubes  in  the  heating  bath  of  castor  oil,  the 
free  space  below  the  plug  of  pitch  will  remain  filled  with  air. 
This  will  remove  any  likelihood  of  the  oil  coming  in  contact  and 
softening  the  bituminous  material. 

The  beaker  is  stood  on  a  piece  of  copper  gauze  placed  on  a 
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section  of  magnesia  asbestos  pipe  covering  about  20  cm.  in  length 
and  10  cm.  internal  diameter.  The  heating  is  done  with  a  Bunsen 
burner  placed  15  cm.  away  from  the  bottom  of  the  beaker;  the 
flame  is  carefully  controlled  so  that  the  temperature  will  rise  exactly 
1°  F.  every  15  seconds,  as  determined  by  the  rings  of  a  metronome. 


Fig.  3. — Consistometer. 


The  heating  is  thus  effected  by  means  of  a  current  of  hot  air  without 
allowing  the  flame  to  come  in  contact  with  the  beaker.  This  insures 
safety,  and  will  permit  the  tcm{)erature  to  be  controlled  quite 
readily. 

Consistometer. — This    instrument    has    been    improved    and 
simplified,  and  is  shown  in  Fig.  3.    It  was  found  that  the  internal 
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friction  of  the  earlier  form  of  consistometer  entered  as  a  larger 
disturbing  factor  than  was  realized  at  the  time.  In  the  new  model, 
the  internal  friction  has  been  almost  entirely  overcome. 

The  plungers  have  been  constructed  more  carefully,  so  that 
the  perimeters  of  the  penetrating  surfaces  are  virtually  "knife- 
edges."  This  entirely  eliminates  the  frictional  adhesion  of  the 
bituminous  material  to  the  sides  of  the  plungers,  which  was  not 
found  to  be  the  case  with  the  first  set  of  plungers  manufactured. 
With  this  new  instrument,  the  relation  between  the  three  plungers 
is  exactly  i  :  10  :  100,  and  this  ratio  remains  constant  irrespective 
of  the  material  examined.  In  other  words,  for  any  individual 
bituminous  substance,  the  number  of  grams  required  to  force  the 
plungers  into  the  material  at  the  uniform  speed  of  i  cm.  per  minute 
is  directly  proportional  to  the  volutne  displaced.  The  volumes 
displaced  by  the  plungers  per  minute  are  o.oi  cc,  o.io  cc,  and 
i.oo  cc,  respectively.     Hence  the  relation  i  :io  :ioo. 

For  testing  exceedingly  soft  bituminous  materials,  such  as  road 
oil  and  the  like,  a  fourth  plunger  having  an  area  of  1,000  sq.  mm. 
(35.6  mm.  in  diameter),  has  been  used  to  still  further  extend  the 
range  and  sensitiveness  of  the  instrument. 

Two  interchangeable  springs  are  used  with  the  consistometer, 
one  for  reading  in  grams  on  a  scale  ranging  from  o  to  1,000  grams 
in  lo-gram  divisions,  the  other  for  reading  in  kilograms  on  a  scale 
ranging  from  o  to  10  kilograms  in  o.i-kilogram  divisions. 

A  new  method  has  been  devised  for  expressing  numerically 
the  hardness  or  consistency  of  the  bituminous  material.  It  is 
designated  in  every  case  as  the  cube  root  of  the  number  of  grams 
which  must  be  applied  to  the  100  -  sq.  mm.  plunger  to  cause  it  to 
displace  the  substance  at  the  speed  of  i  cm.  per  minute.  It  will 
be  recalled  that  in  the  first  paper  presented  by  the  author,  the  hard- 
ness was  designated  as  the  square  root  of  the  number  of  grams 
applied  to  the  i  -  sq.  mm.  plunger.  The  new  method,  however, 
has  an  advantage  over  the  old,  in  expressing  the  hardness  figures 
on  a  more  evenly  balanced  scale,  which  is  uniformly  carried  to 
but  one  decimal  place,  and  which  can,  therefore,  be  readily  plotted 
on  coordinate  paper.  It  also  magnifies  to  a  greater  extent  the 
differences  between  the  softer  bituminous  materials  included  in 
the  lower  portion  of  the  numerical  scale,  as  will  appear  from 
Table  I. 


678    Abraham  on  Testing  of  Bituminous  Materials. 

Table  I. 


Readings 

Readings 

Square 

Cube 

Actual 

converted 

converted 

Root 

Root 

Plunger. 

Sprinc. 

Consistometer 

to  Grams 

to  Grams 

of  Grama 

of  Grams 

Readings. 

per 

per 

per 

per 

1-sq.  mm. 

100-sq.mm. 

l-sq.  mm. 

lOO-sq.  mm. 

Plunger. 

Plunger.* 

Plunger. 

Plunger. 

Gram. 

f  From  10  grams 
tXo       1000  " 

0.1 

10 

0.32 

2.1 

10.0 

1,000 

3.16 

10.0 

100  sq.  mm. 

Kilo- 

f  From    1 . 0  kgs. 
ITo       10.0     " 

10 

1,000 

3.16 

10.0 

[   gram. 

100 

10,000 

10.00 

21.5 

10  »q.  mm. 

Kilo- 

/From   1.0     " 
ITo       10.0     " 

100 

10,000 

10.0 

21.5 

gram. 

1,000 

100.000 

31.6 

46.4 

1  Bq.  imn. 

Kilo- 

/From    1.0     " 
I  To       10.0     " 

1,000 

100,000 

31.6 

46.4 

gram. 

10,000 

1,000,000 

100.0 

100.0 

A  number  of  inquiries  have  been  received  regarding  the  details 
of  the  electrical  thermostat  used  for  maintaining  the  bath  at  a  con- 
stant temperature.  This  arrangement  is  illustrated  in  Fig.  4,  in 
which  A  represents  a  vessel  filled  with  water  containing  the  Fahren- 
heit thermometer  B,  the  heating  coil  C,  and  the  thermostat  D. 
This  thermostat  is  a  Reichert  mercury  type  in  circuit  with  a  dry 
battery  E  and  a  telegraphic  relay  F.  One  wire  is  attached  to  the 
adjusting  screw  G,  and  the  other  to  a  small  platinum  contact  H, 
inserted  through  the  upper  opening  of  the  thermostat.  The 
heating  coil  is  connected  with  a  rheostat  /  and  the  relay  F.  An 
incandescent  lamp  J,  shunted  across  the  main  circuit  as  shown, 
will  indicate  when  the  current  is  passing  through  the  heating  coil  C. 

When  the  mercury  in  the  thermostat  rises,  closmg  the  battery 
circuit,  it  operates  the  relay  F,  which  shuts  off  the  current  from  the 
heating  coil  C.  This  allows  the  bath  to  cool,  causing  the  mercury 
in  the  thermostat  to  contract.  When  the  contact  at  H  is  broken, 
the  battery  current  is  shut  off  the  relay,  and  the  main  circuit  is  then 
closed  by  the  action  of  the  spring  K.  By  adjusting  the  rheostat  / 
and  the  set  screw  C,  the  temperature  of  the  bath  may  be  main- 
tained at  any  desired  degree. 

Tensomclcr. — In  the  discussion  of  the  author's  paper  at  the 
la.st  meeting  of  the  Society,  Mr.  A.  W.  Dow  suggestcdf  that  a 
mold  having  a  minimum  cross-section  would  probably  give  more 


*Thb  b  obuincd  by  multiplying  the  number  of  grams  per  to>tq.  mm.  plunger  by 
10,  and  the  gramc  per  i-vi.  mm.  plunger  by  lOO. 
t  ProcmdiHti,  VoL  X,  1910.  p.  49*, 
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uniform  results  than  the  one  proposed  originally  by  the  author. 
Further  experiments  were  conducted  along  these  lines,  and  Mr. 
Dow's  opinion  was  substantiated. 

The  form  of  mold  shown  in  Fig.  5  is  accordingly  submitted 
as  an  improvement  over  the  former  type.  The  dimensions  over 
all  are  the  same  as  before,  and  the  specimen  has  a  minimum  cross- 
section  of  I  sq.  cm.  (diameter,  1.128  cm.).  As  it  is  not  necessary 
to  amalgamate  the  inside  of  this  mold  with  mercury,  it  is  con- 


110  volts 


structed  of  hardened  steel  instead  of  bronze,  to  avoid  the  possibility 
of  the  circular  knife-edges  being  injured  during  use. 

This  new  form  of  mold  gives  more  uniform  readings,  for  it 
tends  to  reduce  the  distance  to  which  the  bituminous  material 
stretches.  In  the  former  type  the  stretching  was  due  to  the  con- 
traction of  the  cylindrical  section  of  bituminous  material,  and  it 
very  often  happened  that  the  cylinder  had  a  tendency  to  stick  to  or 
hug  one  side  of  the  mold,  and  did  not,  therefore,  draw  out  in  the 
center.     In  the  improved  type  the  stretching  is  due  to  a  cupping 
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of  the  bituminous  material  around  the  circular  knife-edges,  and 
does  not  seem  to  be  as  largely  influenced  by  the  homogeneity  of 
the  material. 

In  making  a  test,  the  tension  applied  to  the  specimen  is 
increased  at  the  uniform  rate  of  5  kilograms  per  minute.  At  the 
moment  the  molds  commence  to  separate,  the  cross-section  of  the 
specimen  is  reduced,  and  it  becomes  impossible  to  increase  the 
tension  beyond  this  point.     When   the  molds  begin   to  separate, 


All  dimens'rons 
in  centimeters 


Fig.  5. — Tensometer  Mold. 

they  arc  drawn  apart  at  the  uniform  speed  of  5  cm.  per  minute 
until  the  thread  of  bituminous  material  parts. 

It  is  also  necessary  to  take  the  precaution  of  filling  the  reservoir 
with  a  liquid  of  about  the  same  specific  gravity  as  the  bituminous 
material  tested,  in  order  that  the  thread  of  bitumen  will  neither 
have  a  tendency  to  float  nor  sink  while  the  molds  are  being  drawn 
apart. 

The  accuracy  of  this  ductility  test  is  roughly  as  follows: 


Ductility. 

O  to     10  cm 

10   "     as     " 

as    "     SO     •• 

SO   ••  100    " 


Accuracy. 
o.  5  cm. 
I        '• 
as    " 

s      *• 
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In  other  words,  with  this  new  form  of  mold  the  accuracy  is  about 
5  per  cent. 

Tests. — The  curves  shown  in  Figs.  6,  7,  and  8  will  illustrate 
the  effect  of  variations  in  temperature  on  the  hardness,  tensile 
strength,  and  ductility  of  several  typical  bitumens  (fusing  at  about 
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the  same  temperature) ,  and  will  indicate  how  readily  these  pro- 
perties may  be  represented  graphically.  The  solid  lines  represent 
the  hardness  expressed  as  the  cube  root  of  the  number  of  grams 
applied  to  the  loo-sq.  mm.  plunger;  the  dotted  lines  represent  the 
tensile  strength  in  kilograms  multiplied  by  ten;  and  the  dashed 
lines  represent  the  ductility  in  centimeters. 

Table  II  shows  the  results  obtained  upon  testing  a  number  of 
commercial  bituminous  substances,  and  a  careful  study  of  the  table 
will  be  found  very  instructive. 
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General  Observations. — i.  The  hardness  or  consistency  of 
bituminous  substances  invariably  tests  between  2  and  5  units  at  their 
fusing  point. 

2.  A  new  figure  was  obtained  which  promises  to  be  of  value 
in  differentiating  bitumens.  This  has  been  termed  the  "Susceptibility 
Factor"  as  listed  in  the  table,  and  it  expresses  the  susceptibility  of 
bituminous  substances  to  changes  in  temperature.  We  all  know 
that  some  bitumens  are  more  affected  by  temperature  changes  than 
others,  but  up  to  the  present  there  has  been  no  method  of  expressing 
this  fact  numerically.  This,  however,  may  be  accomplished  with 
the  assistance  of  the  consistometer,  as  follows: 

Susceptibility  Factor ^.^H^'  ^'  3^°  F)-(Hd.  at  115°  F.)^,^^ 

Fusing  Point 

A  glance  at  the  table  will  show  that  tar  pitches  have  a  susceptibil- 
ity factor  greater  than  100,  straight  asphalts  fall  somewhere  between 
50  and  100,  and  blown  asphalts  and  fatty  acid  pitches  fall  lower  than 
50.  The  susceptibility  factor  does  not  appear  to  be  dejjendent  upon 
the  hardness  or  fusing  point  of  the  substance,  but  is  fairly  constant 
for  all  bituminous  substances  obtained  from  the  same  origin  and  pro- 
duced by  the  same  general  process. 

3.  No  relation  appears  to  exist  between  the  hardness  and  the 
tensile  strength  of  bituminous  materials.  In  the  case  of  petroleum 
asphalts  manfactured  from  the  same  crude,  the  tensile  strength  seems 
to  be  reduced  after  the  distillation  process  is  carried  beyond  a  certain 
point.  This  applies  only  after  the  product  has  reached  the  hard, 
brittle  stage.  Excessive  blowing  seems  to  produce  the  same  results, 
but  to  a  lesser  degree. 

4.  With  bituminous  substances  obtained  from  the  same  source 
and  manufactured  by  similar  processes,  there  does  not  appear  to  be 
any  relation  between  the  ductility  on  one  hand  and  the  hairdness  or 
tensile  strength  on  the  other.  In  each  bituminous  substance,  how- 
ever, there  is  a  certain  temperature  peculiar  to  itself,  at  which  its 
ductility  is  at  a  maximum.  This  temperature  does  not  appear  to 
bear  any  definite  relation  to  the  fusing  point  of  the  substance.  The 
ductility  curve  of  any  substance  for  different  temperatures  has  about 
the  same  form  as  the  probability  curve  of  higher  mathematics.  A 
break  usually  occurs  in  the  tensile  strength  curve  at  about  the  same 
temperature  at  which  the  ductility  approaches   zero.     This  is 
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probably  due  to  the  disappearance  of  plasticity  and  cohesive 
properties  at  low  temperatures  when  the  substance  becomes 
transformed  into  a  brittle  solid. 

It  is,  of  course,  desirable  that  the  maximum  ductility  of 
bituminous  substances  should  occur  as  close  as  possible  to  the 
average  temperature  to  which  the  material  will  be  subjected  in 
actual  practice.  This,  however,  will  depend  largely  upon  the 
locality  and  the  exposure  in  which  the  bituminous  material  is 
to  be  used. 

It  is  entirely  possible  to  prepare  bituminous  substances 
having  a  low  susceptibility  factor,  and  at  the  same  time  possess- 
ing relatively  great  tensile  strength  and  high  ductility.  At  the 
present  time,  substances  of  this  description  are  not  often  encoun- 
tered, as  the  trade  does  not  usually  demand  them.  It  is  pre- 
dicted, however,  that  in  the  future  more  stress  will  be  laid  upon 
these  three  properties,  and  that  the  manufacturer  will  be  com- 
pelled to  take  them  into  consideration  in  preparing  his  products. 


[For  Discussion  of  this  paper  see  pages  693-698. — Ed.] 


A  NEW  CONSISTOMETER  FOR  USE  IN  TESTING 
BITUMINOUS  ROAD  MATERIALS. 

By  W.  W.  Crosby. 

The  writer  hesitates  under  existing  conditions  to  suggest  a 
new  machine  for  testing  the  consistency  of  bituminous  road  ma- 
terials, but  the  endeavor  to  compare  different  results  of  the  writer's 
work,  or  the  latter  with  the  work  of  others,  has  so  frequently  re- 
sulted in  confusion  that  he  is  led  to  do  so  at  this  time  from  the  belief 
that  the  suggestion  may  result  in  clarifying  the  present  situation 
rather  than  in  producing  further  confusion. 

Unquestionably  the  determination  of  the  physical  character 
of  a  pitch  or  oil  must  include  some  definite  expression  of  its  mobility, 
resistance  to  displacement,  consistency,  or  whatever  the  property 
may  be  called.  The  knowledge  of  this  characteristic  is  important 
in  considering  such  a  substance  when  submitted  or  contemplated 
for  use,  and  the  definite  expression  of  such  a  characteristic  is  abso- 
lutely necessary  in  drawing  specifications.  Further,  the  writer 
thinks  it  may  be  safely  stated  that  the  particulars  of  such  a  char- 
acteristic of  many  materials  in  terms  of  a  definite  instrument  at 
one  temperature,  give  but  very  little  information  as  to  what  the 
same  material  will  show  in  this  regard  with  another  instrument 
or  at  another  temperature.  It  is  perhaps  even  doubtful  whether 
a  direct  relation  always  exists  between  the  determinations  of  the 
same  instrument  at  different  temperatures. 

An  instrument  of  suf!icient  range  to  cover  all  materials  at 
almost  all  temperatures  would  unquestionably  be  desirable,  if 
indeed  it  is  not  necessary.  The  writer  believes  the  instrument 
now  to  be  described  is  such  a  one,  for  so  far  he  has  found  it  possible 
to  determine  with  it  the  consistency  of  all  the  materials  now  on 
the  market  for  use  in  the  treatment  of  roads  with  pitches  or  oils, 
at  temperatures  from  o°  to  ioo°  C,  or  higher.  A  description  of 
the   instrument  (see  Fig.  i)  follows. 

The  apparatus  consists  of  an  accurately  balanced  wheel, 
grooved  at  the  circumference  and  provided  with  some  measuring 
device  to  determine  with  accuracy  the  arc  through  which  the  wheel 
is  turned.     We  have  used  two  wheels  in  our  experiments,  one 
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8  ins.  in  diameter,  weighing  148.6  grams,  the  other  4  ins.  in 
diameter  weighing  31.  i  grams.  A  thread  passes  around  the  cir- 
cumference of  the  wheel,  to  which  it  is  attached  at  one  point  to 
prevent  slipping.  At  one  end  of  the  thread  a  small  hook  is  used 
to  attach  the  plungers,  and  at  the  other  end  is  suspended  a  pan  for 
weights.     Sperm  oil  is  used  to  lubricate  the  friction  parts,  which 


o    O    o 


Nol   No2  Na3  Nq4  No.8 
Plungers 


Leveling  5crtw 


^       ^ 


Base- 


Fio.  1. — A  New  Consistometer  for  Testing  Bituminous  Road  Materials. 

consist  of  pivots  in  the  one  case  and  a  steel  axle  in  the  other.  An 
excess  load  of  0.3  gram  is  required  on  one  side  or  the  other  in  both 
machines  to  overcome  friction  resistance,  inertia,  etc. 

The  principle  of  the  machine  is  to  measure  the  distance 
traveled  by  a  disk  of  known  area  and  under  a  known  load  through 
A  substance  contained  in  a  box  of  fixc<l  dimensions,  during  a  fixed 
Interval  of  time,  five  sccomls.  The  distance  traveled  is  measured 
in  tenths  of  a  millimeter,  and  is  the  number  sought.    The  plungers 
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are  all  round  disks  of  brass  with  spindles  inserted  in  the  center. 
All  of  these  spindles  are  stiff  and  strong,  ^\  in.  diameter  wire,  and 
about  2  ins.  long,  except  in  the  plunger  marked  "No.  12  Special," 
in  which  case  it  is  more  slender  and  is  5  ins.  long.  The  box  in 
which  the  fluid  is  placed  is  the  ordinary  box  used  in  the  evaporation 
tests  of  tar  and  is  2^  ins.  in  diameter,  i  in.  high ;  in  the  case  of  very 
fluid  substances,  a  box  of  the  same  diameter  but  5  ins.  deep  is  used. 

In  the  testing  of  a  substance,  the  plungers  are  immersed 
directly  beneath  the  surface  of  the  liquid,  a  correction  being  ap- 
plied for  the  sustaining  force  of  the  liquid  (which  is  evidently 
readily  obtained  from  the  specific  gravity  of  the  tar  or  oil  and  the 
determined  relationship  between  the  specific  gravity  of  the  plunger 
and  its  weight) ;  and  the  weights  are  so  adjusted  on  the  balanced 
pan  that  a  known  weight  is  applied  to  the  plunger.  The  brake 
is  then  released  for  five  seconds,  the  plunger  descends  into  the 
material,  and  the  depth  of  its  descent  is  read  on  the  measuring 
device  first  mentioned. 

It  is  found,  from  our  experience,  that  no  guide  for  the  spindle 
is  necessary  until  the  load  on  the  plunger  is  in  excess  of  10  grams 
for  the  No.  12  Special,  and  5  grams  for  the  other  plungers.  The 
plungers  and  loads  are  so  selected  that  the  penetration  is  between 
100  and  200  (Dow  scale) ,  except  in  the  case  of  fluid  oils  where  the 
use  of  the  No.  12  Special  is  required.  The  diameters  of  the  disks 
of  the  plungers  (whose  thickness  is  uniformly  ^  in.)  are  as  follows : 

Number.  Diameter,  ins. 

o No.  2  Cambric  needle* 

I TJ  (^^e)« 

» tV     " 

3 : i         " 

4 tV  (disk). 

5 i         " 

6 i        " 

7 i         " 

8 i 

9 I 

10 li 

" 4         " 

la  and  12  special i|         " 

The  guide  to  keep  the  spindle  vertical  is  used,  as  indicated 
above,  when  the  load  exceeds  5  or  10  grams.     The  construction 

*  Uaed  in  Penetrometer. 
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of  this  and  its  attachment  to  the  machine  is  sufficiently  clear  from 
the  sketch.  The  wheel  for  carrying  the  plunger  and  weight  was 
adopted  for  convenience,  simplicity  and  cheapness,  but  any  con- 
trivance— such,  for  instance,  as  an  analytical  balance — by  which 
the  plunger  can  be  counterpoised  and  loaded  and  which  is  provided 
with  an  index  for  recording  the  movement  of  the  plunger,  can  be 
used  with  concordant  results. 

The  machine  is  easily  operated  and  can  be  used  with  a  load 
of  500  grams  with  a  No.  2  needle,  which  might  be  required  for  a 
very  hard  pitch,  or  with  a  load  of  0.5  gram  and  the  No.  12  for 
road  oils  which  may  have,  theoretically  at  least,  a  viscosity  less 
than  water.  Its  readings  on  aU  products  up  to  these  very  fluid 
substances  are  entirely  satisfactory;  its  readings  on  very  fluid  oils 
are  probably  sufficiently  accurate  for  road  oil  work,  though  not 
as  accurate  as  the  well-known  viscosimeters  used  for  testing 
lubricating  oils. 

Perhaps  the  writer  should  state  that  the  idea  of  such  an  instru- 
ment as  has  been  described  occurred  to  him  in  1908.  At  that  time, 
it  was  customary  to  state  that  a  pitch  had  a  "penetration  of  100" 
(referring  to  Dow's  machine),  or  that  an  oil  had  a  "viscosity  of  250 
seconds"  (Engler).  Other  instruments  were  occasionally  men- 
tioned, such  as  Saybolt's  viscosimeter,  Lunge's  tar-tester,  Richard- 
son's float,  etc.  The  lack  of  calibration  as  well  as  the  variety  of 
the  various  instruments  available,  seemed  to  emphasize  the  desira- 
bility of  a  single  substitute.  While  at  work  on  the  idea,  during 
such  moments  as  could  be  spared  from  his  daily  duties  along  other 
lines,  a  somewhat  similar  and  more  complicated  machine*  was 
brought  to  his  attention.  The  writer's  main  objections  to  this 
instrument  are  its  complexity  and  that  a  considerable  factor  of 
unknown  importance  seems  to  be  present  in  its  work,  namely,  the 
relation  between  the  specific  gravity  of  the  material  and  of  the 
head  of  the  plunger. 

Somewhat  later,  the  writer's  attention  was  attracted  to  a 
test  proj)oscd  by  J.  Walker  Smith  in  his  book  on  "  Dustless  Roads 
and  Tar  Macadam"  for  determining  the  consistency  of  tars. 
Smith's  test  seems  to  be  at  the  oi)j)ositc  extreme  in  the  matter  of 
complexity  of  instrument.    The  writer  hopes  that  neither  Mr. 

*"Improv«d  InctrumenU  tor  the  Physical  TeRting  of  Dituminout  Materials,"  by 
Il«rtwrt  AbnhMB.     Procttdimgt,  Vol.  IX,  igog,  pp.  3^8-579. 
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Abraham  nor  Mr.  Smith  will  feel  that  he  had  unwarrantedly  bor- 
rowed any  ideas  from  either  and  begs  to  state  that  so  far  as  his 
consciousness  goes,  he  is  unaware  that  he  has  done  so. 

The  development  of  the  consistometer  above  referred  to,  and 
all  the  work  with  it,  has  been  done  for  the  writer  by  Penniman 
and  Browne,  of  Baltimore.  The  writer  wishes  to  here  record  his 
great  appreciation  of  their  assistance  and  his  obligation  therefor, 
without  which  it  would  have  been  impossible  to  have  obtained 
these  results. 

In  order  that  a  better  understanding  may  be  had  of  the  ma- 
chine and  its  work,  some  of  the  records  of  the  results  obtained  with 
it  will  be  given.  Ten  samples  of  material  were  selected  varying 
from  a  fairly  hard  pitch  to  a  fairly  liquid  oil,  as  shown  in  Table  I. 

Table  I. 


Sample 
No. 


110 
116 
120 
128 
130 
131 
133 
134 
135 


Material. 


Ugite 

Headley  Binder  No.  11.  .  . 

U.  G.  I.  Anti-Dust 

Special  Texaco  Compound . 

IJ.  G.  I.  Dust  Layer 

U.  G.  I.  Dust  Layer 

Asphaltoilene 

Standard  Oil  No.  5 

Texaco  Joint  Filler 


Specific 

Gravity    at 

25-0. 


1.137 
0.978 
l.OM 
0.930 
1.099 
1.119 
0.942 
0.930 
0.991 


Viscosity,  seconds. 


Enicler 
50  CO., 
25*  C. 


258 


813 
1,610 


2,233 
18* 


Engler 
100»C. 


126.0 
104.0 
17.0 
36.0 
20.0 
19.4 
57.6 
34.2 


Lunge, 
25"' C. 


280.0 
40.7 


0.8 
'4!2 


Taking  now  for  instance  Sample  120  and  the  No.  12  Special 
Plunger,  we  have: 

No.  12  Special  Plunger  +  Hook  =  Scale  Pan  +  12.1  grams. 
The  loss  of  weight  of  plunger  in  water  was  2.38  grams. 
2.28  X  1.094  =  2.4943.     1 2. 1  —2. j;  =  9.6. 

That  is,  this  plunger  immersed  in  Sample  120  would  be  balanced 
by  9.6  grams  in  the  scale  pan.  The  frictional  resistance  was 
found  to  be  0.3  gram.  The  consistometer  was  then  adjusted  for 
work,  the  plunger  immersed  in  the  sample,  and  9.3  grams  placed 
in  the  scale  pan.  By  removing  weight  from  the  pan  the  plunger 
was  considered  to  be  loaded  accordingly.  The  "constants"  of 
each  sample  with  a  given  plunger  were  determined  in  this  way,  and 
the  sample  tested. 


♦Dow  Penetrometer  at  is 
44 


C.  (100  grams  load). 
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The  results  of  the  tests  are  given  in  Table  II.  An  inspection 
of  the  table  shows  that  with  the  first  nine  samples  listed  it  was 
easily  possible  to  use  at  least  two  different  plungers;  in  the  case  of 
Sample  116,  nine  were  used.  Sample  135,  Texaco  Joint  Filler, 
was  tested  with  Plunger  i. 

The  values  given  in  Table  II  were  averaged  in  most  cases 
from  two  or  three  readings,  which  seldom  varied  more  than  one 
or  two  units  from  the  mean.  In  many  instances  the  readings  were 
identical. 

As  of  incidental  interest,  a  comparison  of  the  results  obtained 
with  our  No.  i  Plunger  and  a  No.  2  Needle  on  a  sample  of  special 
pitch,  follows: 

Net  Load,  No.  i  Plunger.       No.  2  Needle. 

grams. 

50 5.  5.  5-        4,  4. 

100 12,  II,  12.       13,  13. 

150 17.  17- 

200 22,  19,  20,  20.    32,  30,  31. 

300 28,  25,  29,  28.    52,  48,  51. 

400 31,  28,  30.  52,  50,  51. 

In  order  to  note  the  possible  effect  of  the  dimensions  of  the 
wheel  on  the  determinations  made,  another  wheel  was  crudely 
arranged  on  a  separate  standard  and  base.  The  following  tests 
were  then  made  on  this  machine:  Sample  120,  using  special 
Plunger  12;  Sample  116,  using  Plunger  9;  Sample  no,  using 
Plunger  3.  The  results  of  these  tests  are  given,  for  purposes 
of  comparison,  in  Table  II,  in  the  columns  marked  with  an  asterisk. 
Considering  the  crudity  of  the  small-wheel  machine,  it  is  felt  that, 
within  reasonable  limits,  the  size  of  the  wheel  is  shown  to  have  no 
practical  effect  on  the  actual  movement  of  the  plunger  provided 
the  friction  in  the  axis  is  a  minimum.  The  concordance  of  the 
results  of  repeated  determinations  by  the  two  machines  is  very 
satisfactory. 

Typical  results  obtained  with  other  instruments  now  in  use, 
from  actual  records  of  work,  arc  shown  in  Table  III. 

Apparently  the  curve  of  a  definite  penetration  when  plotted 
with  the  weights  as  ordinatcs  and  the  areas  of  the  plunger  faces 
as  abscissas  is  very  close  to  a  parabola — at  least  sufficiently  so  for 
practical  purposes.    There  apjicars  to  be  no  direct  relation  be- 
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Table  III 

No.  of 
Trial. 

Engler,  seconds. 

Lunge, 
seconds. 

Penetration, 
Dow  Scale. 

Float, 
seconds. 

1 
2 
3 
4 
5 

683.5 

623 

598 

152.6 
155.4 
140.5 

ABC 

10  37       182 
7       30       191 

11  42       179 

12  40       193 
10       40 

75.8 
66.2 
83.8 
83.4 

tween  the  penetrations  resulting  on  different  materials,  even  when 
their  specific  gravities  are  considered,  which,  to  the  writer,  is  not 
unexpected. 

In  order  to  obtain  if  possible  an  indication  of  any  relation,  or 
lack  of  relation  between  plungers  of  the  same  diameter,  but  with 
heads  of  different  volumes,  we  prepared  a  No.  6  Special  Plunger, 
whose  head  was  a  cylinder  f  in.  in  diameter  and  nearly  yV  in.  high, 
having  a  volume  of  exactly  one  cubic  centimeter.  The  comparison 
of  the  results  from  the  use  of  this  special  plunger  and  Plunger  6,  is 
given  in  Table  IV. 

Table  IV. 


• 

Net  Weight, 
grams. 

Plunger. 

Sample  No. 

No.  6. 

No.  6  Special. 

110 

3 

4 
5 
10 
15 
20 

5 
10 
15 
20 
30 

22 

42 

58 

110 

153 

185 

18 

60 

108 

135 

180 

4 

116 

20 

116 

40 

116 

62 

116 

80 

116 

110 

10 

110 

22 

110 

110 

48 

110 

68 

Note    Readings  are  given  in  tenths  of  a  millimeter.     (Dow  Scale.) 


As  of  further  interest,  determinations  were  made  with  this 
machine  on  three  samples  of  pitch  compounds  prepared  by  the 
courtesy  of  Mr.  W.  H.  Fulweiler.  According  to  him,  they  were 
"samples  of  coal-tar,  asphaltic  oil,  and  water-gas  tar,"  showing 
"with  60  cc.  at  25°  C.  with  the  Engler  viscosimeter  514,  518,  and 
521  seconds,  respectively."  The  results  of  the  tests  are  given  in 
Table  V. 
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Table  V.     Comparison  of  Pitch  Compounds. 
No.  12  Special  Plunger.      (Time,  5  seconds.) 


Net  Load,  grams. 

Asphaltic  OU. 

Water-Gas  Tar. 

Coal  Tar. 

0.29 

38,       40,       38. 

65.       65,       64. 

90,  90,  90. 
105,  108,  105. 
132,  132.  132. 
151,  150,  105. 
170,  169,  171. 
202,     200,    201. 

0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1  0 

8,         9,         9. 

15,       17,       15. 

25,       24,       25. 

36,       36. 

62,       54,       53. 

65,       68,       68. 

78,       81.       80. 

92.       92. 
104,     105,     104. 
121,     122t     121. 
190,     190. 

4,         4,         5. 

8,         8,         8. 
12,        13.        12. 
20.       20,       20. 
25,       28,       28. 
36,       36. 
48,       50.       50. 
58,       67        68 

1.1 

70,       70 

1.2 

78.       80.       78 

1.7 

118,     122,     122. 

Engler  Viscosimeter. 

(60  CO.  at  25°  C.) 

618  seconds. 
651       " 

521  seconds.                      514  seconds 

Crosby 

547       "                             653 

It  will  be  noted  that  the  time  factor  has  been  used  as  a  con- 
stant, and  it  may  occur  to  many,  as  it  did  to  the  writer  early  in  his 
work,  that  the  time  or  "time  load"  should  be  the  variable  to  be 
determined.  However,  in  order  that  the  work  with  this  machine 
might  be  compared  with  that  of  the  ordinary  penetrometer  m 
general  use,  as  well  as  for  the  reason  that  uncertainties  seemed  to 
be  more  probable  with  the  larger  than  with  the  smaller  plungers  (or 
"needles"),  it  was  decided  for  the  earlier  work  to  use  a  constant 
time  of  five  seconds.  Those  interested  can  of  course  settle  this 
point  for  themselves,  as  the  writer  will  endeavor  to  do  for  his  future 
work.  The  writer's  limited  opportunity  for  carrying  on  such  work 
as  described  herein  has  prevented  him  from  reaching  definite  con- 
clusions regarding  formulas,  the  selection  of  the  few  plimgers 
desirable  for  practical  work;  and  various  other  questions.  He 
believes,  however,  that  in  the  near  future  he  will  be  using  this 
machine  in  his  regular  work  for  the  selection  of  pilch  compounds, 
and  he  trusts  that  others  with  more  time  for  such  matters  may, 
from  the  foregoing,  be  able  to  carry  the  conclusions  still  farther 
for  both  their  own  benefit  and  that  of  tlic  profession. 


DISCUSSION.* 


Mr.  S.  R.  Church. — There  was  one  point  brought  out  by  Mr.  Church. 
Mr.  Abraham  that  is  not  quite  clear  to  me,  and  possibly  it  would 
be  interesting  to  have  him  elaborate  it  a  little.  He  says,  under 
General  Observation  3:  "No  relation  af)pears  to  exist  between 
the  hardness  and  the  tensile  strength  of  bituminous  materials." 
Now  one  reference  to  his  table  will  show  that  refined  Trinidad 
Lake  asphalt,  which  has  a  fusing  point  of  188°  F.,  has  the  very 
high  tensile  strength  of  4.15  kilograms  per  sq.  cm.  at  115°  F., 
21.0  kilograms  at  77°  F.,  and  27.0  kilograms  at  32°  F.; 
whereas  Trinidad  asphalt  cement,  which  has  a  fusing  point  of 
113°  F.,  has  the  very  low  tensile  strength  of  0.25  kilogram  per 
sq.  cm.  at  115°  F.,  and  0.75  kilogram  at  77°  F.,  and  15.0  kilo- 
grams at  32°  F.  I  think  possibly  Mr.  Abraham  can  give  more 
information  on  that  point. 

Mr.  Herbert  Abraham. — In  reply  I  would  say  that  if  Mr.  Abraham, 
you  will  refer  to  the  figures  for  wood-tar  pitch  and  coal-tar 
pitch,  you  will  note  that  wood-tar  pitch,  with  a  fusing  point 
of  123°  F.,  has  a  hardness  of  53.1  at  77°  F.,  and  a  tensile 
strength  of  2.1  kilograms;  coal-tar  pitch,  with  a  fusing  point 
of  122°  F.,  has  a  hardness  of  24.7  at  77°  F.,  or  about  half 
that  of  wood-tar  pitch,  and  yet  its  tensile  strength  is  twice 
as  great  as  that  of  coal-tar  pitch  at  the  same  temperature, 
amounting  to  4.65  kilograms.  If  you  will  compare  other  materials, 
as,  for  example,  refined  Trinidad  Lake  asphalt  (having  a  hardness 
of  74.9  and  a  tensile  strength  of  21.0  kilograms  at  77°  F.) 
and  straight  Texas  oil  asphalt,  grade  185  (having  a  hardness 
of  76.1  and  a  tensile  strength  of  but  4.5  kilograms  at  77°  F.), 
you  will  likewise  find  that  the  relationship  between  the  tensile 
strength  and  the  hardness  is  not  at  all  proportionate.  Some 
materials  may  be  harder  than  others  and  at  the  same  time 
possess  less  tensile  strength;  and  vice  versa. 


*  Joint  discussion  of  the  two  preceding  papers. — Ed. 
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Mr.  Church. 


Mr.  Abraham. 


Mr.  Crosbj. 


Mr.  Abraham. 

Mr.  Croabjr. 
Mr.  Abraham. 
Mr.  Crosby. 
Mr.  Abraham. 
Mr.  CrMby. 


Mr.  Church. — I  did  not  understand  that  you  meant  to 
compare  different  materials.  I  thought  you  were  referring  to  a 
comparison  of  the  same  material  of  different  hardnesses.  I  see 
now  what  you  meant. 

Mr.  Abraham. — I  might  add  that  this  same  fact  holds  true 
if  the  same  material  is  compared  at  different  temperatures. 
Thus  if  you  refer  to  the  curves  shown  in  Fig.  6,  you  will  notice 
that  as  the  temperature  decreases  the  tensile  strength  increases 
up  to  a  certain  point,  and  then  suddenly  drops;  whereas  the 
hardness  increases  continuously.  This  is  true  for  all  substances. 
It  follows,  therefore,  that  there  is  no  relation  between  the  hard- 
ness and  the  tensile  strength  of  a  single  substance  at  different 
temperatures. 

I  should  like  to  ask  Mr.  Crosby  whether  it  is  possible  to 
plot  the  results  with  any  one  substance  examined  at  different 
temperatures;  in  other  words,  whether  a  curve  of  the  results  can 
be  constructed. 

Mr.  W.  W.  Crosby. — A  curve  can  be  constructed  from  the 
results  secured  on  one  material  with  the  different  plungers  at 
any  one  temperature.  With  No.  ii6,  we  used  nine  different 
plungers  at  25°  C.  and  of  course  a  number  of  different  plungers 
can  be  used  at  any  other  temperature,  not  necessarily  the  same 
number.  With  the  same  material  there  would  be,  as  far  as  we 
know,  no  relation  between  two  curves  from  different  tempera- 
tures. 

Mr.  Abraham. — Then  if  I  understand  you  correctly,  while 
it  is  possible  to  construct  a  curve  for  a  substance  at  one  tempera- 
ture, it  is  impossible  to  construct  one  showing  the  behavior 
of  that  same  substance  at  various  temperatures? 

Mr.  Crosby. — 1  should  not  say  it  was  impossible.  We  have 
simply  not  had  the  time  to  work  that  out. 

Mr.  Abraham.— Have  you  noticed  any  effect  of  frictional 
adhesion  of  bituminous  materials  to  the  .sides  of  the  plunger? 

Mk.  Crosby.— Yes.  Please  refer  to  figures  reported  on 
use  of  IMungers  No.  6  and  No.  6  Special. 

Mr.  Abraham.— Have  you  tried  any  plungers  with  flat 
heads  and  reduced  shanks? 

Mr.  Crosby.  All  our  plunger  heads  arc  uniformly 
■^^  in.  thick,  and  the  shank  is  set  pcrj)endicularly  into  the  center 
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of  the  head.     The  shank  is  simply  a  round  wire,  and  there  is  no  Mr.  Crosby, 
curve  at  the  junction  of  the  shank  and  the  head. 

Mr.  W.  H.  Fulweiler. — There  is  one  point  in  Mr.  Crosby's  Mr.  Fuiweiier. 
paper  which  appealed  to  me  as  being  of  very  considerable  inter- 
est, namely,  that  the  three  samples  of  materials  that  were  pre- 
pared to  give  approximately  the  same  viscosity  with  the  Engler 
viscosimeter  differed  so  widely  when  tested  with  Mr.  Crosby's 
instrument.  This  would  seem  to  indicate  the  possibility  of 
differentiating  between  the  different  classes  of  materials  by  this 
variation  in  viscosity.  It  is,  of  course,  well  known  that  a  number 
of  the  other  viscosimeters  will  differ  not  only  in  actual  results, 
but  also  relatively  with  the  Engler  instrument,  particularly 
the  type  of  viscosimeters  in  which  the  head  is  changing,  such  as 
the  Dudley;  but  none  of  them  seem  to  give  so  widely  divergent 
results  as  those  reported  in  this  paper.  The  possibility  of  thus 
differentiating  with  Mr.  Crosby's  instrument  between  materials 
that  have  the  same  apparent  Engler  viscosity,  may  serve  to  explain 
why  materials  that  are  apparently  prepared  with  the  same  vis- 
cosity act  very  differently  when  applied  in  practice  on  the  road. 

If  an  instrument  of  the  type  described  by  Mr.  Crosby  should 
be  adopted,  we  shall  undoubtedly  have  to  revise  many  of  our 
ideas  as  to  the  required  viscosity  of  materials  for  different 
methods  of  road  treatment. 

Mr.  Crosby. — I  might  say  on  that  point  that  my  actual  Mr.  Crosby, 
experience  confirms  Mr.  Fulweiler's  suggestion.  We  were  using 
two  different  materials  two  years  ago,  one  of  which  showed 
considerably  greater  viscosity  with  the  Engler  viscosimeter 
than  the  other,  and  yet  when  we  attempted  to  apply  them  to  the 
road  under  the  penetration  method,  the  material  indicated  as 
lighter  and  more  mobile  by  the  Engler  test  was  shown  to  be  much 
less  mobile  in  the  work  on  the  road.  We  took  samples  of  the 
two  materials,  and  on  testing  them  with  this  machine  the 
impression  received  on  the  road  was  confirmed,  the  very  opposite 
j  of  the  indications  of  the  Engler  instrument. 

The  President. — Of  course  the  real  value  of  any  of  these  The  President, 
methods  of  testing  depends  upon  how  closely  they  measure 
the  behavior   of   the   materials   in   service.     That  is    a   very 
important  point. 

If  I  may  be  permitted  to  speak  upon  a  subject  of  which  I 
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The  President,  know  very  little  if  anything,  it  would  seem  to  the  uninitiated 
as  if  the  two  words  consistometer  and  viscosimeter  represent 
really  the  same  thing  and  as  if  one  of  the  two  names  might  be 
suppressed  and  the  other  retained.  Is  not  the  instrument  after 
all  a  viscosimeter?  That  is  to  say,  it  does  not  determine,  as  I 
understand  it,  the  true  melting  point,  but  the  point  at  which 
the  substance  becomes  fluid  enough  to  drop  off,  though  no  mole- 
cular change  or  true  change  of  state  is  taking  place.  It  is  not 
a  true  melting  point,  but  it  is  the  temperature  at  which  a  certain 
specific  degree  of  viscosity  is  reached.  Viscosity  decreases  with 
rising  temperature,  and  in  decreasing  falls  to  a  certain  minimum. 
The  fact  that  it  falls  you  accept  as  proof  that  it  has  fused,  when 
that  is  not  true,  for  what  you  recognize  as  the  fusing  point  is 
a  certain  specific  degree  of  fluidity  arbitrarily  agreed  on.  If  so, 
is  this  not  a  special  measure  of  viscosity  after  all? 

Mr.  Abraham.  Mr.  ABRAHAM. — Very  often  a  material  will  fuse  at  a  certain 

temperature,  and  the  trade  will  designate  that  material  as  hav- 
ing a  certain  fusing  point,  a  certain  melting  point.  Unfortu- 
nately the  term  "  melting  point "  is  not  strictly  correct.  Melting 
point,  as  applied  to  a  pure  organic  substance,  or  any  other  of 
definite  chemical  composition,  has  been  defined  as  the  point  at 
which  it  passes  from  a  solid  to  a  liquid  state.  It  is  really  the 
point  of  melting.  .  In  the  case  of  alloys  of  iron  and  steel  the  melt- 
ing point  is  shown  by  a  break  in  the  cooling  curve;  but  in  the 
case  of  bituminous  materials  where  there  is  no  break  in  the  curve; 
it  is  merely  an  arbitrary  point  which  will  serve  to  give  some  indi- 
cation of  the  consistency  or  hardness  of  material  at  ordinary 
temperatures. 

Mr.  PuiUr.  Mr.  H.  B.  Pullar. — I  should  like  to  ask  Mr.  Abraham  if 

he  has  ever  tried  two  materials  which  have  the  same  penetra- 
tion, but  one  material  being  sticky  and  the  other  more  cheesy. 
Would  he,  in  that  case,  get  a  definite  correction  factor  or  would  he 
get  approximately  the  same  results  by  the  penetration  instru- 
ment? 

Mr.  Abraham.  Mr.  ABRAHAM. — I  havc  found  tluit  two  materials  having 

the  same  penetration  by  means  of  the  Dow  instrument  will  have 
approximately  the  same  consistency  (hardness)  when  testfd  by 
the  consistometer,  irrespective  of  whether  one  is  sticky  and  the 
other  is  cheesy. 
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Mr.  W.  B.  D.  Penniman. — I  have  been  asked  whether  in  Mr.  Penniman. 
using  the  Crosby  machine  I  had  noticed  any  adherence  of  the 
material  to  the  side  of  the  disk.  Crosby's  machine  evidently 
measures  the  adherence  on  both  the  bottom  and  sides  of  the 
disk  used.  I  think  the  point  made  in  regard  to  bringing  the  edge 
of  the  disk  to  a  knife  edge  is  a  good  one,  because  then  the  areas 
of  the  circular  disks  are  directly  compared  and  the  adhering 
surfaces  are  of  the  same  kind.  In  each  instrument  the  same 
question  comes  up,  for  if  you  have  two  materials  of  the  same 
penetration,  using  a  needle  with  a  fine  point,  the  penetration  is 
a  measurement  of  two  resistances:  first,  that  of  the  point;  sec- 
ond, the  clinging  of  the  material  to  the  sides  of  the  needle. 
When  testing  hard  material,  the  first  resistance  is  the  larger ;  with 
soft,  sticky  material  the  second  is  the  larger.  In  Mr.  Abraham's 
instrument,  this  combination  of  resistances  is  largely  avoided. 

Mr.  Abraham. — Yes,  that  is  true.  m,.  Abraham. 

Mr.  Penniman. — I  cannot  see,  therefore,  how  two  materials  Mr.  Penniman. 
could  possibly  test  in  your  machine  the  same  way,  using  your 
plunger  the  same  as  the  needle.  It  has  not  been  so  with  my 
small  plungers.  In  other  words,  do  you  find  that  two  materials 
that  run  with  the  needle  150  penetration  would  give,  say,  50 
each  with  your  small  plunger? 

Mr.  Abraham. — Perhaps  I  did  not  make  myself  clear.  Mr.  Abraham. 
Two  materials  testing  50  penetration  with  a  needle  would  give 
closely  agreeing  readings  with  the  consistometer;  there  might 
in  certain  cases  be  some  variation,  but  my  experience  has  shown 
that  it  would  be  very  small  and  probably  not  more  than  a 
point  or  two  one  way  or  the  other. 

I  found  in  the  old  type  of  consistometer  (described  in  the 
original  paper  in  1909)  where  the  edge  of  the  plunger  was  slightly 
rounded  this  noticeably  affected  the  ease  of  penetration,  so  that 
the  force  necessary  to  produce  the  same  penetration  with  the 
round  edge  as  compared  with  the  knife  edge  was  in  the  ratio 
of  10  to  7.    Do  I  make  myself  clear? 

Mr.  Penniman. — Perfectly.     That  answers  the  question.       Mr.  Penniman. 

Mr.  L.  Kirschbraun. — I  should  like  to  ask  Mr.  Abraham  Mr.  Kirschbraun. 
whether  in  making  the  tensile  strength  test  of  those  various 
bitumens  he  made  them  on  the  pure  bitumen,  or  upon  asphalt 
that  may  have  contained  a  proportion  of  foreign  matter. 
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Mr.  Abraham.  Mr.  ABRAHAM. — Both.     In  some  cases  the  bitumen  was 

impure  from  mineral  matter.  Most  of  the  oil  asphalts  are  almost 
free  from  mineral  matter;  but  in  no  case  was  an  attempt  made 
to  remove  the  mineral  matter.  The  substance  was  tested  in  its 
commercial  condition. 

Mr.Kirschbraun.  Mr.  Kirschbraun. — Do  you  know  just  what  effect  the 

mineral  matter  in  these  various  bitumens  will  have  on  the  ten- 
sile strength? 

Mr.  Abraham.  Mr.  ABRAHAM. — There  seems  to  be  quite  a  field  for  investi- 

gation on  that  line.  As  yet  I  have  not  examined  the  effect  of 
mineral  matter  on  tensile  strength  as  completely  as  I  should 
like.  It  appears  to  me  from  tests  we  have  made,  however,  that 
the  presence  of  mineral  matter  will  increase  the  tensile  strength ; 
and  I  have  never  found  a  case  in  which  the  mineral  matter  has 
decreased  it. 

Mr.Kirschbraun.  Mr.  Kirschbraun. — I  should  like  to  add  in  confirmation 

of  Mr.  Abraham's  statement,  that  I  have  made  similar  tests 
and  have  found  that  the  addition  of  mineral  matter  very  mate- 
rially increases  the  strength  of  otherwise  pure  bitumen. 

The  President.  The  PRESIDENT. — Is  that  not  true  of  plastic  substances 

in  general?  It  would  seem  to  me  as  if  it  were  a  natural  con- 
sequence, drawing  an  analogy  from  certain  phenomena  in  the 
metallurgy  of  steel  which  are  explained  on  a  like  supposition. 
It  was  the  view  that  Dr.  Dudley  held  that  the  presence  of 
hard  substances  in  a  plastic  medium  must  necessarily  tend  to 
harden  and  strengthen  that  material;  and  we  know  certainly 
that  in  the  case  of  clay  crucibles  which  are  used  at  a  high 
temperature,  the  clay  becomes  soft  and  squashy,  but  by  mixing 
it  with  50  per  cent,  of  coke  by  volume  we  get  a  crucible  which 
at  very  high  temperatures  withstands  admirably  the  crushing 
pressure  of  the  tongs  which  are  used  in  lifting  the  crucibles 
out  of  the  furnace,  whereas  if  it  were  not  for  the  coke  the  crucible 
would  crush  right  in,  would  not  in  fact  sustain  its  own  weight. 
The  phenomenon  is  a  very  interesting  one  for  all  of  us  who  have 
had  to  do  with  any  form  of  plastic  material. 


APPARATUS  FOR  DETERMINING  THE  DROP  POINT 
AND  SOFTENING  POINT  OF  COMPOUNDS. 

By  H.  W.  Fisher. 

During  the  past  few  years,  the  writer  has  made  many  experi- 
ments with  compounds,  asphaltums,  resins,  etc.,  of  ^'arious  manu 
facturers  and  jobbers,  and  has  found  so  great  a  difference  in  their 
consistency  at  the  specified  melting  point,  that  an  investigation 
was  made  which  showed :  first,  that  a  large  majority  of  compounds, 
unlike  minerals,  have  no  well-defined  melting  point ;  second,  that 
what  some  companies  specify  as  a  melting  point  is  really  a  softening 
point  of  the  material;  and  third,  that  the  melting  point  as  used  by 
other  companies  corresponds  to  the  temperature  at  which  the 
compound  will  drop.  This  investigation  led  the  writer  to  believe 
that  instead  of  using  the  misnomer  "melting  point,"  it  would  be 
more  practical  to  speak  of  the  softening  point  and  drop  point  of 
compounds. 

The  next  step  was  to  design  a  method  for  determining  the 
softening  point  and  melting  point.  Of  necessity,  any  plan  must  be 
arbitrary,  and  the  important  question  was  to  devise  a  method  and 
appa  ratus  that  would  be  simple  and  by  means  of  which  important 
deductions  as  to  the  physical  quality  of  the  compound  could  be 
made. 

After  \'arious  experiments,  the  most  uniform  drop  point  tests 
were  obtained  by  filling  a  small  hole  in  a  piece  of  iron  with  the 
compound  and  providing  an  air  vent  at  the  top  so  that  the  material 
would  be  free  to  flow  out,  when  soft,  under  the  uniform  action  of 
gravity. 

A  method  for  determining  the  softening  point  of  compounds 
presented  more  difficulty,  but  the  writer  happened  to  think  that 
reversing  the  apparatus  used  for  the  drop-point  test  and  using 
mercury,  would  force  the  compound  to  the  surface  at  a  temperature 
below  that  of  the  drop  point.  Experiments  not  only  showed  that 
this  method  gave  very  uniform  results,  but  also  that  the  softening 
point  corresponded  with  what  some  manufacturers  call  the  melting 
point,  and  which,  as  explained  above,  is  only  a  softening  point. 
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Now  in  all  these  experiments,  the  question  of  time  plays  a  most 
important  part,  and  as  specifying  a  slow  rate  of  heating  would  mean 
long-drawn-out  tests,  it  was  decided  to  use  a  rate  of  heating  that 
would  give  drop-point  tests  somewhat  comparable  with  those  made 
by  several  large  companies,  where  the  compound  is  molded  on  the 
bulb  of  a  thermometer  and  heated  at  the  rate  of  5°  C.  per  minute 
until  the  compound  drops  off,  at  which  instant  the  temperature 
is  read.  Tests  of  compounds  by  both  methods  showed  that  with 
the  apparatus  of  the  writer,  the  rate  of  heating  should  be  4°  C. 
(7°  F.)  per  minute. 

The  apparatus  was  then  designed  so  that  the  softening  point 
test  and  the  drop- point  test  could  be  made  at  the  same  time. 
Fig.  I  gives  a  working  drawing  of  the  outfit.  The  section  of  the 
instrument  when  arranged  for  a  drop,  test  only  is  shown  at  (a). 
The  compound  is  placed  in  hole  2;  hole  i  is  the  vent  hole.  The 
nipple  (d)  is  provided  with  a  vent  hole  4  and  a  compound  hole  3. 
A  wrench  for  removing  and  inserting  the  nipple  is  shown  at  (e). 
The  rod  (/)  is  placed  into  the  nipple  through  hole  4,  after  which  the 
nipple  and-rod  are  heated  above  the  melting  point  of  the  compound. 
The  hole  3  is  then  filled  with  the  compound,  and  after  partial  solidi- 
fication the  rod  is  removed  and  the  surplus  compound  at  the  top 
of  the  hole  in  the  nipple  cut  off  flush  with  the  top  of  the  nipple. 
Afterwards,  the  nipple  can  be  screwed  into  place  as  shown  at  (c). 

Fig.  2  shows  a  convenient  method  for  filling  the  hole  in  the 
part  of  the  apparatus  used  for  the  drop-point  test.  The  No.  8 
B.  &  S.  G.  copper  wire,  .B,  can  be  raised  or  lowered  at  will.  The 
rod  D  fills  the  vent  hole.  The  rod  and  iron  are  first  heated  to  a 
point  above  the  melting  point  of  the  compound  and  then  placed 
as  shown  in  Fig.  2.  After  the  wire  B  becomes  hot,  a  piece  of  com- 
pound is  held  against  it  as  shown  and  the  hole  thus  filled  with 
compound,  after  which  one  or  two  drops  more  should  be  applied 
to  allow  for  shrinkage.  The  iron  and  rod  are  then  removed  and 
cooled,  after  which  the  rod  is  removed.  The  surplus  compound 
is  removed  by  means  of  a  piece  of  thin  steel  with  a  square  edge  or  a 
suitable  tool,  so  that  the  surface  of  the  compound  in  the  hole  is 
flush  with  the  bottom  surface  of  the  hole. 

Referring  again  to  Fig.  i  (a),  it  will  be  noted  that  hole  2  is 
some  distance  above  the  bottom  of  the  circular  piece  of  iron.  The 
reason  for  this  is  to  provide  a  space  where  the  air  around  the  melting 
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compound  will  be  at  about  the  same  temperature  as  that  of  the 
compound  and  the  iron,  thus  allowing  the  compound  to  drop  freeh- 
and not  be  subject  to  non-uniform  atmospheric  conditions. 

Fig.  3  illustrates  the  method  by  which  the  writer  applies  heat 
uniformly  oxer  the  entire  apparatus.  A  fiber  spool  approximately 
iT^  ins.  inside  diameter,  3  ins.  long,  and  4  ins.  outside  diameter, 


Fio.  2. — Showing  Method  of  Filling  Apparatus. 


b  wound  with  about  240  turns  of  No.  12  D.  C.  C.  magnet 
wire.  By  means  of  alternating  current  of  60  cycles,  the  iron  testing 
apparatus  is  heated  to  any  desired  degree.  The  voltage  employed 
varies  between  30  and  55  volts  and  the  current  from  4  to  8  anii)ercs. 
The  voltage  can  be  regulated  by  steps  of  half  a  volt.  If  one  desired 
to  make  the  test  on  a  1 10- volt  circuit,  wire  half  the  si/.e  could  be 
employed  and  the  voltage  could  be  varied  between  60  and  1 10 
volts  and  the  current  from  2  to  4  amperes.     By  this  method  the 
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temperature  can  be  kept  almost  constant  at  any  degree  or  can  be 
made  to  vary  as  desired. 

When  an  alternating  current  is  not  available,  the  iron  can  be 
heated  sufficiently  uniformly  to  give  good  results  in  the  following 
manner.  On  top  of  the  glass  tube  place  a  piece  of  metal  or  fiber 
with  a  hole  in  the  center  equal  in  diameter  to  the  hole  in  the  bottom 


Mirror 


Wood  Base 


Hearing  Coil 


Glass  Tut>e 


Fig.  3. — Showing  Method  of  Applying  Heat  Uniformly. 


of  the  apparatus.  Take  a  piece  of  iron  pipe  about  i  in.  larger  in 
inside  diameter  than  the  outside  diameter  of  the  apparatus,  make 
a  number  of  vent  holes  around  the  bottom  of  the  pipe,  make  two 
diametrically  opposite  holes  at  a  distance  above  the  bottom  of  the 
iron  pipe  equal  to  the  distance  between  the  vent  hole  and  the  bottom 
of  the  apparatus.  Then  place  the  apparatus  on  the  center  of  the 
plate  and  over  it  put  the  iron  tube  so  arranged  that  the  holes  in  it 
will  be  at  right  angles  to  a  line  through  the  vent  holes  of  the  appa- 
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ratus.  A  suitable  burner  must  be  arranged  by  means  of  which  small 
flames  can  be  made  to  strice  the  apparatus  through  the  holes  in  the 
outside  pipe.  The  adjustment  of  these  flames  should  be  made 
bv  means  of  an  ordinar}-  gas  valve  provided  with  a  handle  about  a 
foot  long.  The  writer  has  tried  the  above  plan  and  has  been  able 
to  obtain  results  which  agree  very  well  with  those  made  by  the 
more  relined  electrical  method. 

The  testing  apparatus  and  coil  are  placed  on  top  of  a  large 
glass  tube  which  is  embedded  in  a  wooden  base.  By  means  of  a 
mirror  at  the  side  of  the  glass  tube  in  the  base,  the  melting  of  the 
compound,  in  the  drop-point  test,  can  be  observed.  When  doing 
this,  it  is  necessary  to  have  an  incandescent  lamp  on  the  opposite 
side  of  the  base  from  the  mirror. 

Having  flllcd  both  sides  of  the  apparatus  with  the  compound, 
and  having  inserted  a  thermometer  as  shown  in  Fig.  i  (c),  the 
temperature  is  increased  at  the  rate  of  4°  C.  per  minute  until  the 
compound  comes  up  through  the  mercury  at  the  top  of  the  appa- 
ratus. The  temperature  at  which  this  occurs  is  recorded  as  the 
softening  point  of  the  compound.  Continuing  the  test  further, 
the  temperature  at  which  a  drop  of  the  comi)ound  falls  through 
the  glass  tube  is  recorded  as  the  drop  point  of  the  compound. 
If  the  compound  has  a  high  softening  point  and  a  high  melting 
point,  a  somewhat  greater  rise  of  tem])erature  ])er  minute  is  admis- 
sible to  within  about  30°  F.  of  the  softening  ])oint. 

Table  I  gives  the  results  of  a  number  of  tests  made  with 
this  apparatus,  the  heating  being  done  by  the  electrical  method. 
From  an  examination  of  the  table,  one  can  judge  as  to  the  pos- 
sible accuracy  obtainable  when  care  is  taken  to  make  the  tests 
as  accurately  as  possible.  By  carefully  adjusting  the  rate  of 
temi>eraturc  rise,  it  should  be  possible  to  obtain  results  nearly 
comj)arablc  with  those  in  the  table.  The  table  also  gives  the  results 
of  tests  made  with  the  tcmi)erature  kept  constant  for  25  minutes. 
Of  course,  it  was  necessary  to  make  two  or  three  tests  at  different 
temi)craturcs  before  obtaining  the  results  given.  The  figures  in 
Ixjth  Columns  C  and  E  give  an  idea  of  the  change  of  viscosity 
below  the  drop  point.  In  the  case  of  roxitc  wax,  it  will  be  noticed 
that  the  difference  between  the  drop  j)oint  and  softening  point  is 
only  5**. I.  Any  one  familiar  with  this  ai)paratus  who  was  given 
the  result  of  this  test  would  know  at  once  that  the  material  was  a 
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Table  I. 
(Temperatures  given  in  degrees  Fahrenheit.) 


Rate  of 

Temperature 

Average 
Temper- 
ature 
Differ- 
ence 
between 
Drop  and 
Softening 
Point. 

Time 
Test. 

Temper- 
ature 
at 

Softening 
Point. 

Temper- 
ature 
Differ- 
ence 
between 
AandD. 

Tem- 
per- 
ature 
Rise 
per 
Minute. 

at 
Drop 
Point. 

at 

Soft- 
ening 
Point. 

Ratio, 
E/C. 

Name  of 
Compound . 

Time 

in 
Min- 
utes. 

A 

B 

C 

D 

E 

RoxiteWax.  185°. 

Asphaltum  Ox., 
180°. 

Petroleum  Pitch. 

Commercial   Insu- 
lating Compound 

"A." 

7 

7 

7 

7 
7 

7 

7 
7 
7 
7 

7 
7 
7 

188.5 
188  0 

213  7 
214.0 

209.2 
209.2 
209.3 

146.0 
147.0 
146  5 

182  2 
182.0 
182.3 

180.0 
180.6 
179.0 

191  5 
191  0 
190.2 
191  5 

129  0 
127.5  ; 

5.1 
33.6 
18.2 

18.3 

25 
25 
25 

25 

177  5 
150  0 
162  0 

90  0 

10.8 
63.7 
47  2 

50.5 

2.r 

1.8» 
2.6 

2.75 

kind  of  wax.  In  the  case  of  asphaltum,  the  difference  between 
the  drop  and  softening  point  is  33°.6,  which  indicates  a  slow  varia- 
tion in  viscosity.  The  figures  in  Column  E  are  useful  in  showing 
the  effect  of  a  time  test,  and  the  ratio  E/C  is  a  measure  of  the  flow- 
ing properties  of  the  compound. 

If  we  were  to  draw  conclusions  from  the  figures  in  Column  C, 
we  should  say  that  pitch  and  compound  "A"  have  about  the  same 
flowing  properties.  By  applying  the  time  test,  however,  we  find 
that  the  flowing  properties  of  "A"  are  greater  and  undoubtedly, 
if  hour  time  tests  had  been  applied,  the  differences  would  have 
been  still  greater.  The  commercial  insulating  compound  "A" 
has  the  largest  ratio  E/C,  and  by  actual  test  this  material  will 
flow  even  when  quite  brittle  at  a  temperature  of  about  60°  F.  ^  On 
the  contrary,  asphaltum,  which  has  the  lowest  ratio  E/C,  is  more 
of  the  nature  of  rubber  and  does  not  readily  flow  until  a  high 
temperature  is  reached. 

It  will  thus  be  seen  that  by  means  of  this  apparatus  not  only 
the  drop  point  and  softening  point  can  readily  be  determined,  but 
one  can  also  get  an  idea  as  to  the  nature  of  the  compound  under 
investigation.     Hence,  a  purchaser  who  is  familiar  with  this  appa- 
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ratus  and  who  has  been  given  by  a  manufacturer  or  jobber  the  drop 
pomt  and  softening  point  of  a  compound,  will  at  once  get  an  idea 
of  the  properties  of  the  material  under  consideration. 

Much  of  the  experimenting  which  resulted  in  the  design  of  the 
apparatus  just  described  was  done  since  the  formation  of  Com- 
mittee D-9  on  Standard  Tests  of  Insulating  Materials.  As  a 
member  of  this  Committee,  the  writer  made  inquiry  and  found  that 
the  methods  employed  by  different  companies  for  testing  compounds 
were  very  diverse.  Before  the  adoption  of  this  apparatus,  the 
company  with  which  I  am  connected  had  difficulty  in  purchasing 
compounds  of  uniform  characteristics.  Now,  all  that  is  necessar)- 
is  that  the  company  furnishing  the  material  have  the  apparatus 
above  described  and,  hanng  once  specified  the  desired  drop  point 
and  softening  point,  satisfactory  compounds  are  assured.  The 
apparatus  is  simple  and  can  be  made  by  any  one  for  a  few  dollars. 


HARDNESS   TESTS. 
By  Bradley  Stoughton  and  J.  S.  Macgregor. 

In  the  general  discussion  on  hardness  at  the  last  annual 
meeting  of  this  Society,  we  called  attention  to  the  need  of  a  test 
to  show  not  only  the  superficial  hardness  of  steel  and  other  metals 
but  also  the  depth  to  which  this  hardness  extends.  For  example, 
it  is  often  desirable  to  measure  this  property  in  relation  to  case- 
hardened  gears,  pinions,  and  other  materials,  and  to  determine  the 
sub-surface  hardness  of  dies  used  for  drop-forging,  etc.  The 
authors  collected  a  number  of  dies  with  var}ang  service  records 
and  have  been  using  them  in  connection  with  this  problem  during 
their  available  spare  time  for  the  past  year,  to  determine  first, 
whether  any  of  the  already  known  hardness  tests  are  adapted  to 
this  accomplishment,  or  if  not,  whether  they  can  be  made  so; 
and  second,  whether,  failing  both  of  these,  a  test  could  be  de- 
vised suitable  for  the  purpose. 

As  regards  the  first  of  these  problems,  our  conclusion  is  that 
none  of  the  tests  now  known  to  us  are  adequate  and,  although  we 
have  considered,  and,  in  some  cases,  tried  modifications  of  these 
tests,  we  have  as  yet  failed  to  discover  any  method  of  reaching  the 
desired  result. 

As  regards  a  new  form  of  test  suitable  for  this  purpose,  we  are 
not  as  yet  in  a  position  to  ofifer  anything  of  value.  It  was  our 
hope  to  present  at  this  meeting  a  testing  method  that  should  accom- 
plish the  result  desired,  but  we  are  regretfully  obliged  to  confess  our 
inability  to  do  so  at  the  present  time. 

While  we  recognize  that  resistance  to  abrasion  is  a  different 
form  of  hardness  than  resistance  to  penetration,  which  is  what 
we  have  been  considering,  nevertheless  it  may  be  of  interest 
to  refer  here  to  the  apparatus  we  have  been  using  to  test  this  quality 
of  abrasion  which  is  so  important  in  many  circumstances  of  service ; 
for  example,  the  wearing  of  the  bottom  of  cylinders,  etc.  We  have 
had  in  operation  for  some  time  a  machine  in  which  rotating 
specimens  of  metal  are  subjected  to  the  rubbing  action  of  fine- 
grain  whetstones.     By  means  of  this  machine  it  is  possible  to  test 
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SLx  specimens  at  the  same  time.  Each  whetstone  is  pressed  upon 
the  specimen  with  a  weight  of  i  lb.;  the  speed  of  rotation  is 
400  to  500  R.P.M.,  which  is  not  sufficient  to  overheat  the  metal. 
After  each  700,000  revolutions  the  specimens  are  moved  along  one 
space  in  the  machine,  and  when  each  specimen  has  been  in  each 
of  the  six  different  positions  for  700,000  revolutions,  the  loss  of 
weight  and  the  reduction  in  diameter  are  determined. 

[For  Discussion  of  this  paper  see  pages  740-743. — Ed.] 


A   COMPARISON   OF   FIVE   METHODS   OF 
HARDNESS   MEASUREMENT. 

By  R.  p.  Devries. 

More  or  less  theoretical  definitions  of  hardness  have  been 
proposed  at  \'arious  times.  The  tests  based  upon  these  definitions 
have  in  some  cases  been  impracticable.  More  often  they  have  failed 
to  give  information  concerning  hardness  that  conformed  to  the 
ideas  of  the  workshop  and  to  the  demands  of  actual  practice. 
Any  hardness  test  of  metals  in  order  to  be  successful  must  conform 
to  the  conception  of  hardness  which  is  held  by  the  men  whose 
interest  in  this  form  of  test  is  entirely  a  practical  one.  The 
increasing  need  for  accurate  information  concerning  hardness  has 
resulted  in  the  development  of  the  hardness  tests  which  are  in 
use  at  the  present  time. 

After  looking  over  the  field  it  was  determined  to  investigate 
only  those  methods  which  seemed  the  most  promising  of  results 
and  which  have  recentl}'  been  developed. 

The  object  of  this  investigation  is  to  determine  whether  any 
agreement  exists  between  the  results  obtained  by  methods  which 
are  apparently  in  no  way  related  to  each  other. 

Methods  Investigated. 

/.  The  Brinell  method  is  based  upon  determining  the  resist- 
ance offered  to  indentation  by  a  hardened  sphere  when  the  sphere 
is  ])laced  on  the  metal  under  investigation  and  subjected  to  a 
given  pressure. 

2.  The  cone  test  depends  upon  the  same  principle  as  that 
of  the  sphere,  except  that  a  circular  cone  of  90°  angular  opening 
is  substituted  for  the  sphere. 

3.  The  Shore  scleroscope  method  depends  on  the  height  of 
rebound  of  a  hardened  steel  hammer  when  it  is  dropped  on  the 
metal  under  test. 

4.  The  Bauer  method  depends  upon  the  rate  at  which  a  steel 
drill  running  at  constant  speed  and  under  a  constant  pressure 
drills  the  metal  under  test. 
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5.  The  Ballantine  method  depends  upon  the  amount  a  leaden 
disk  is  indented  when  it  transmits  the  energ>'  of  a  falling  hammer 
through  an  anvil  on  to  the  metal  under  test. 

I.  The  Brinell  Test. 

The  method  of  earning  out  a  hardness  test  as  recommended 
by  Brinell  was  to  indent  the  metal  under  test  with  a  sphere  i  cm. 


Pic.  1.— Brinell  Tester. 

in  diameter  subjected  to  a  pressure  of  500  kilograms  for  the  softer, 
and  3,000  kilograms  for  the  harder  metals.  He  defined  the  hard- 
ness as  the  pressure  in  kilograms  per  square  millimeter  of  spherical 
indentation. 

After  this  method  was  introduced  it  was  shown  by  Benedicks,* 

*  Rtchtnhit  pkyiiquti  tt  pkytieoekimi^M4s  mr  facitur  au  carbon*.     Upiala,  1004. 
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Le  Chatelier,*  Leon,f  Malmstrom,!  Meyers§  and  others  that  the 
hardness  numeral  is  dependent  upon  the  size  of  the  sphere  and  the 
pressure  to  which  it  is  subjected.  Meyer  calculated  the  hardness 
numeral  by  dividing  the  load  by  the  projected  area  of  the  indenta- 
tion, but  shows  clearly  that  the  determination  of  two  constants 
is  necessar)'  for  the  accurate  measurement  of  hardness. 

Martens  and  Heyn^  have  shown  that  a  linear  relation  e.xists 
between  the  load  and  the  depth  of  indentation  for  ver}'  low  pressures 
and  have  suggested  as  the  hardness  numeral,  the  load  which  is 
required  to  produce  an  indentation  0.05  mm.  deep.  Since  this 
method  of  determining  the  hardness  eliminates  the  necessity 
for  any  arbitrarj'  assumption,  it  was  determined  to  further  investi- 
gate the  relation  between  load  and  depth  of  indentation  at  both 
low  and  high  pressures. 
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tDistonces  of  Pis+onTravel  in  Millime+ers 
Fig.  2. — Typical  Curve  of  Loading  and  Unloading  in  the  Brinell  Test 

Description  of  Method. — Fig.  i**  shows  a  sketch  of  part  of  the 
Brinell  apparatus.  The  test  piece  is  placed  on  the  head  R  which  is 
brought  into  contact  with  the  i-cm.  sphere  by  means  of  the  screw 
5.  A  small  initial  pressure  is  applied  to  the  piston  P.  A  microm- 
eter microscope  reading  to  one  one- thousandth  of  a  millimeter  is 
focussed  upon  a  line  drawn  upon  the  piston,  and  a  reading  taken. 
The  desired  pressure  is  then  applied  and  released  to  the  point  of 
initial  pressure  before  the  final  reading  is  taken.    The  difference 

*  Revue  de  MHallurgie,  igo6.  No.  2. 

t  Die  Brinellsche  H4rteprobe  und  ihre  praktische  Verwendung."  Proceedings,  Inter- 
national Association  for  Testing  Materials,  1906. 

iStahl  und  Eisen,  1907,  No.  50. 

§  "  Untersuchungen  uber  Hirteprufimg  und  Hiirte."  Zeitschrijt  des  Vereins  Deutscher 
Ingenieure,  1907. 

H"  Vorrichtung  zur  vereiufachten  Priifung  der  Kugeldruckharte  und  die  damit  erziel- 
ten  Ergebnisse."     Zeitschrift  des  Vereiits  Deutscher.  Ingenieure,  1907. 

**  Acknowledgment  is  made  to  the  American  Machinist  for  the  drawings  from  which 
the  cuts  in  this  paper  were  made. — Ed. 
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between  the  initial  and  final  reading  is  equal  to  the  depth  of 
indentation  of  the  sphere. 

Fig.  2  shows  a  typical  curve  of  loading  and  unloading.  In  this 
figure  OR  represents  the  entire  downward  travel  of  the  piston. 
The  distance  OS  is  the  actual  depth  of  indentation.  It  is  equal 
to  OR  -  SR.  The  distance  SR  represents  the  compression  of 
the  sphere,  piston  and  all  parts  of  the  apparatus  lying  below  the 
reference  line. 


1000        1500      2000 
Load  in  Kilograms 


2500 


Fic.  3. — Relation  between  Load  and  Depth  in  the  Brinell  Test. 

The  depths  of  indentation  were  measured  for  a  series  of  metals 
at  varying  pressures.  The  curves  plotted  in  Fig.  3  are  typical  of 
the  results  obtained.  They  show  the  existence  of  a  linear  relation 
between  load  and  depth  of  indentation  for  pressures  ranging  from 
o  to  3,000  kilograms. 

The  total  downward  travel  of  the  piston  was  measured  for 
several  metals.  These  results  are  shown  in  Fig.  4.  The  actual 
depth  of  indentation  as  measured  is  also  j)lotted  for  easy  com- 
parison.    Curve  A  shows  the  total  downward  travel  of  the  piston. 
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Curve  B  is  the  actual  depth  of  indentation.  The  difference 
between  any  ordinate  of  Curves  A  and  B  represents  the  compres- 
sion of  the  different  parts  of  the  apparatus  lying  below  the  reference 
line.  Any  measurement  of  the  depth  of  indentation  must  totally 
exclude  these  elastic  compressions.  It  seems  probable  that 
Martens  and  Heyn  may  have  encountered  difficulty  in  doing  this, 
because  they  state  that  when  their  curves  depart  from  a  straight 
line  they  sometimes  curved  uowards  and  sometimes  downwards. 


500        1000       1500       200Q      2500 
Load  in  Kilograms 

Fig.  4. — Load-Depth  Relations  for  Two  Metals. 


Elastic  Deformation  of  the  Sphere. — The  hardness  numeral  as 
ordinarily  determined  is  a  function  of  the  size  of  the  sphere.  If 
the  sphere  is  elastically  deformed  under  pressure,  the  hardness 
numeral  will  also  be  a  function  of  the  temper  or  hardness  of  the 
sphere. 

Measurements  of  the  depth  and  diameter  of  indentation  of 
several  metals  were  made  at  various  loads.  From  these  values  the 
radius  of  curvature  of  the  indentation  was  calculated  on  the  assump- 
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Table  I. — Radius  of  Curvature  of  Indentation  for  Different 

Metals. 


kilograma. 

Values  of  R'  ia  cms.  for 

Bessemer 
Steel. 

Cast 
Iron. 

Tobin 
Bronte. 

Copper- 

Vandium. 

Alloy. 

Manganese 
Steel. 

600 
1.000 
1.500 
2.000 
2.500 
3,000 

5.71 
6.79 
6.73 
6  69 
6  66 
5.67 

6.71 
6.46 
6.26 
6.16 
6.06 
6.91 

6.31 
5.83 
5.43 
5.13 
5.05 
5.06 

6.72 
6  46 
6  26 
6.16 
6.06 
6.91 

7.64 
6.98 
6.69 
6  24 
5.70 
6.43 

tion  that  the  indentation  is  a  segment  of  a  sphere.  The  values 
given  in  Table  I  show  that  the  radii  of  curvature  of  the  dififerent 
indentations  made  with  a  sphere  of  5  cm.  radius  vary  considerably 
with  the  load  and  the  metal  tested. 

It  may  be  seen  from  anal}tical  considerations  that  the  amount 
will  varj'  considerably  for  dififerent  metals  even  at  the  same  pres- 
sures. For  metals  in  which  the  metal  flows  up  above  the  original 
surface,  forming  a  ridge  about  the  sphere,  the  radius  of  curvature 
of  the  indentation  can  not  be  calculated  in  the  above  manner. 

The  Relation,  P  =  al. — The  calculation  of  the  hardness 
numeral  is  important,  since  uniformity  of  results  in  hardness 
testing  depends  upon  the  method  employed.  Of  the  three  methods 
mentioned  that  of  Brinell  is  always  in  error  because  the  radius 
of  the  sphere  is  not  equal  to  the  radius  of  curvature  of  the  inden- 
tation. Meyer  has  shown  that  his  method  is  open  to  the  objection 
that  some  metals  have  reached  their  ma.ximum  hardness  when 
subjected  to  3,000  kilograms  pressure  and  others  have  not  yet 
attained  it. 

The  linear  relation  between  load  and  depth  of  indentation 
suggests  at  once  as  the  measure  of  the  hardness,  that  load  which 
is  required  to  produce  an  indentation  o.  i  mm.  deep.  The  sim- 
plicity of  this  method  recommends  it,  but  it  is  an  evident 
departure  from  determining  the  resistance  to  indentation. 

In  order  to  conform  to  our  definition  of  hardness  the  hardness 
numeral  is  also  calculated  by  dividing  the  entire  pressure  by  the 
area  of  the  indentation,  which  gives 


H.N.-~ 


2wtR' 


(I) 


Devries  on  Methods  of  Hardness  Measurement.  715 


where  P  is  the  applied  pressure,  t  the  depth  of  indentation,  and 
R!  the  radius  of  curvature  of  the  indentation. 

If  we  substitute  in  Equation  (i)  the  value  P  =  at,  and  let 
a/  2Tr  =  C,  the  mean  pressure  or  hardness  numeral  becomes 
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Fig.  5. — Load-Depth  Relation  for  Spheres  of  DiflFerent  Diameters. 


Since  the  product  of  hardness  numeral  and  radius  of  curvature 
is  a  constant  for  a  sphere  i  cm.  in  diameter,  some  measurements 
were  made  with  a  sphere  1.2  cm.  in  diameter.  The  results, 
plotted  in  Fig.  5,  show  a  linear  relation  between  load  and  depth  of 
indentation.  The  measured  depths  of  indentation  for  the  same 
metals  obtained  with  the  i-cm.  sphere  are  plotted  in  Fig.  5  for 
easy  comparison.  These  curv-es  show  that  the  depth  of  indentation 
is  smaller  for  the  larger  sphere,  but  that  the  differences  in  depth 
are  dependent  on  the  metal  under  test. 


7i6  Devries  on  Methods  of  Hardness  Measurement. 

Tablb  II. — Values  of  Hardness  Numerals  Obtained  with  Spheres 
OF  Different  Diameters. 


Hardness  Numeral  in  kilograms  per  sq.  mm.  for 

Load, 
kilo- 

Copper. 

Manganese  Steel. 

Silicon  Steel. 

Cast  Iron. 

crams. 

1.2-cm. 
sphere. 

1-cm. 
sphere. 

1.2-cm.        1-cm. 
sphere.  !  sphere. 

1.2-cm. 
sphere. 

1-cm. 
sphere. 

1.2-cm. 
sphere. 

1-cm. 
sphere. 

1.000 
2.000 
3.000 

86.6 

83.4 

179           177.5 
183           181.5 
187           185.6 

215 
222 
225 

214 
219 
225 

136 
138 
140 

137 
139 
144 

The  calculated  values  of  the  hardness  numeral  for  the  1.2-cm. 
sphere  are  given  in  Table  II,  and  show  a  good  agreement  with  the 
values  obtained  for  the  i-cm.  sphere.  Whether  the  product  of 
hardness  and  diameter  of  indentation  is  a  constant  for  all  sizes  of 
sphere,  is  a  subject  for  further  investigation.  The  hardness 
numeral  suggested  by  Meyers  is 


H.N. 


4 


(3) 


The  other  hardness  numeral  is,  from  Equation  (i), 

P 


H.  N.  - 


2irtR' 


(4) 


Substitute  in  Equation  (4)  the  value  of  R'  expressed  in  terms  of  t 
and  d,  and  it  becomes 


H.N.~ 


(f-) 


(S) 


If  we  compare  Equation  (3)  with  (5)  it  becomes  apparent  that 
when  the  load  and  consequently  the  depth  of  indentation  is  small 
the  values  of  hardness  are  practically  the  same  for  both  methods. 
For  the  higher  N-alues  of  the  load  and  depth  of  indentation 
the  values  of  hardness  obtained  by  E(iiialion  (3)  are  aj)prcciably 
higher  than  those  obtained  by  K(|uation  (0-  The  hardness  num- 
eral when  calculated  according  to  Meyers'  suggestion  therefore 


Devries  on  Methods  of  Hardness  Measurement.  717 

shows  a  greater  variation  with  load  than  when  it  is  calculated  upon 
the  actual  area  of  the  spherical  indentation. 

2.    The  Cone  Test. 

Ludwik*  seems  to  have  been  the  first  to  propose  and  use  a 
cone  of  90°  angular  opening  for  the  measurement  of  hardness. 
Although  the  test  is  the  same  in  principle  as  the  sphere  hardness 
test,  he  thought  that  the  variations  of  the  hardness  numeral  for 
different  loads  encountered  in  the  sphere  would  be  eliminated  in 
the  cone  test,  because  the  ndenta  ions  made  by  a  circular  cone  are 
geometrically  similar. 


500        1000       1500       2000       2500 
Load  in  Kilograms 

Pig.  6. — Relation  between  Load  and  Depth  in  the  Cone  Test. 

In  carrying  out  the  cone  test  he  measured  the  depth  of  indenta- 
tion by  means  of  an  instrument,  the  action  of  which  depends  upon 
the  downward  motion  of  the  piston  to  which  it  is  attached.  He 
calculates  the  hardness  numeral  on  the  basis  of  the  entire  applied 
pressure  divided  by  the  area  of  the  conical  indentation. 

Fol  owing  the  same  general  method  of  procedure  but  using 
the  micrometer  microscope  to  measure  the  depth  of  indentation, 
radically  different   results  were  obtained,  as  plotted  in  Fig.  6. 


*  '*  Die  Kegelprobe.     Ein  neues  Verfahren  zur  H&rtebestimmung  von  Materialea.* 
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They  show  that  the  relation  between  load  and  depth  of  indenta- 
tion is  parabolic. 

To  compare  the  results  obtained  in  this  investigation  with 
those  given  by  Ludwik,  the  hardness  numerals  for  the  same  loads 
are  given  in  Table  III.  The  results  tabulated  are  typical  of  a 
large  number  of  results  on  different  metals. 

If  the  results  obtained  by  Ludwik  were  correct  it  would  mean 
that  the  hardness  numeral  is  independent  of  the  load.  But  since 
the  relation  between  depth  of  indentation  and  load  is  parabolic, 
according  to  the  curves  of  Fig.  6,  it  is  apparent  that  the  hardness 
numeral  decreases  rapidly  with  increasing  loads  and  becomes 
approximately  constant  only  at  the  higher  loads.  Ludwik  seems 
to  have  been  aware  of  the  errors  made  in  the  measurement  of  the 


Table  III. — Comparison  op  the  Results  of  the  Cone  Hardness 

Tests. 


Copper. 

Cast  Iron. 

kilo- 

1 
Ludwik.           1          Author. 

Ludwik. 

Author. 

grama. 

t, 
mm. 

H.  N..           ,, 
kgs.  per       m,n 
sq.  mm.  ; 

H.N., 
kgs.  per 
sq.  mm. 

mm. 

H.N.. 
kgs.  per 
sq.  mm. 

t, 

mm. 

H.N., 
kgs.  per 
sq.  mm. 

600 
1.000 
2.000 
3.000 

1  23 

1  74 

2  46 
3.00 

74.4     1    0.789 
74  3          1  201 
74  3          1.844 
75.0     1     2.435 

195.0 
154.9 
132.0 
114.0 

0.93 
1.32 
1.86 
2.27 

130 
129 
132 
131 

0.549 
0.864 
1.343 
1.683 

374 
304 
256 
239 

depths  of  indentation,  for  he  remarks  in  a  footnote  of  his  paper 
that  a  more  careful  adjustment  of  his  measuring  instrument  would 
give  results  that  would  show  the  relation  between  load  and  depth 
of  indentation  to  be  parabolic.  The  parabolic  relation  between 
load  and  depth  of  indentation  makes  an  arbitrary  selection  of 
load  necessary-  but  not  sufficient  to  place  metals  in  their  correct 
position  in  a  relative  hardness  scale. 

The  diameter  of  indentation  might  be  measured  if  it  were  not 
for  the  fact  that  the  metal,  when  under  pressure,  flows  up  above  the 
original  surface  of  the  metal,  forming  a  ridge  about  the  cone  as 
shown  in  Fig.  7,  in  which  d'  represents  the  diameter  of  indentation 
that  could  be  measured,  while  d  is  the  diameter  that  should  be 
measured. 
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In  his  work  on  the  cone  test  Meyers  states  that  the  ridge  of 
metal  which  forms  about  the  cone  supports  part  of  the  applied 
pressure  and  that  the  hardness  numeral  should  be  calculated  on 
the  basis  of  entire  pressure  divided  by  the  projection  of  the  conical 
indentation.  He  therefore  calculates  the  area  using  d'  as  the 
diameter  of  indentation.  In  determining  the  hardness  in  this 
way  he  overlooks  the  fact  that  the  metal  which  forms  the  ridge 
has  been  forced  from  beneath  the  cone  and  has  evidently  lessened 
the  resistance  at  that  place.  He  also  assumes  that  the  ridge  of 
metal  offers  as  much  resistance  as  if  it  were  supported  on  all  sides 
by  unstressed  metal. 

Tests  were  made  with  cones  of  60°  and  90°  opening  on  all 


Pig.  7. — Cone  Ridge  Formation. 

of  the  metals  used  in  the  sphere  test.  The  hardness  numerals 
were  calculated  for  the  load  of  3,000  kilograms  by  dividing  the 
entire  pressure  by  the  area  of  the  conical  indentation.  The 
results  are  given  in  Table  V.  For  two  steels  no  results  could  be 
obtained  because  the  points  of  the  cones  flattened  under  pressure. 
This  is  one  of  the  limitations  of  all  forms  of  hardness  tests  which 
employ  a  pointed  cone  or  punch. 

3.    The  Shore  Scleroscope  Test. 

The  scleroscope,  briefly  described,  is  an  instrument  consisting 
of  a  pointed  hammer,  which  falls  from  a  definite  height  through  a 
guiding  glass  tube  upon  the  metal  to  be  tested.  The  height  to 
which  the  hammer  rebounds  is  the  measure  of  the  hardness  and 
is  read  directly  from  a  scale  placed  back  of  the  glass  tube.  This 
scale  is  approximately  10  ins.  in  height  and  is  arbitrarily  divided 
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into  140  equal  parts.  The  hardness  numeral  is  therefore  not 
expressed  in  definite  physical  units.  This  is  not  a  disadvantage 
if  the  scleroscope  is  accepted  simply  as  a  hardness  measuring 
de\ice,  but  it  leaves  much  to  be  desired  for  investigational  purposes. 

In  this  method  of  measuring  hardness  the  hammer  makes  a 
permanent  indentation  in  the  metal  under  test.  An  attempt  was 
made,  therefore,  to  determine  the  hardness  as  the  resistance  to 
indentation.  In  order  to  do  this,  it  is  necessary  to  measure  either 
the  diameter  or  the  depth  of  indentation.  Both  of  these  quantities 
are  extremely  small  and  the  latter  is  inaccessible  to  all  length- 
measuring  devices.  Some  measurements  of  the  diameter  of 
indentation  were  made,  but  in  general  this  is  impracticable,  because 
the  bounding  edge  of  the  indentation  is  not  circular.  In  the 
measurements  referred  to  the  greatest  diameter  of  indentation  was 
only  0.005  nim. 

It  would  be  entirely  practicable  to  determine  the  hardness 
numeral  in  the  manner  outlined  if  the  hammer  was  enlarged  and 
the  height  of  fall  increased  so  that  the  diameter  of  indentation 
could  be  measured  accurately. 

In  working  with  the  scleroscope  it  was  found  that  the  hammer 
must  be  calibrated  after  a  certain  number  of  tests.  For  this  pur- 
pose a  piece  of  steel  hardened  to  100  scleroscope  measurement 
must  be  used.  The  rebound  for  any  given  steel  cannot  be  corrected 
by  proportionate  decrease  or  increase  if  the  hammer  gives  a  rebound 
either  less  or  greater  than  100  on  the  hardened  steel.  This  shows 
that  a  slight  change  in  the  form  of  the  hammer  assigns  the  metal 
tested  to  a  different  position  in  the  hardness  scale.  Although 
there  are  many  things  stated  by  the  inventor  concerning  the  thcorj' 
of  the  instrument  which  cannot  be  accepted  without  experimental 
confirmation,  they  are  left  for  discussion  in  the  paper  which  deals 
with  the  relations  of  the  j)hysical  properties  of  metals  to  hard- 
ness.* The  hardness  numerals  of  all  the  metals  tested  are  given 
in  Table  V. 

4.    The  Bauer  Drill  Test. 

The  Bauer  drill  test  differs  essentially  from  the  other  hardness 
tests.    It  indicates  the  cutting  hardness,  and  has  for  its  object  the 

•  Sm  p.  7a6.— Bo. 
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determination  of  the  workability  of  metals.  The  ease  or  difficulty 
with  which  a  metal  is  worked  in  any  machine  tool  is  known  to 
depend  upon  the  toughness  and  the  abrasive  qualities  as  well  as  on 
the  hardness.  The  drill  test  can  not,  therefore,  be  strictly  con- 
sidered as  being  only  a  hardness  test. 

Since  the  drill  test  depends  upon  other  qualities  than  hardness, 
it  is  evident  that  the  results  obtained  should  furnish  instructive 
comparisons. 

The  machine  which  was  used  in  this  work  is  manufactured 
by  William  Keep  and  was  designed  for  testing  the  hardness  of 
cast  iron.  It  has  for  its  essential  parts  a  fluted  drill  driven  at 
constant  speed ;  a  table  upon  which  the  metal  to  be  tested  is  placed 
and  from  which  weights  may  be  suspended  for  securing  desired 
pressures;  and  an  autographic  attachment  which  traces  a  curve 
whose  ordinates  are  some  constant  multiple  of  the  depth  of  hole 
drilled  and  whose  abscissas  represent  some  constant  multiple  of  the 
number  of  revolutions  required  to  drill  a  given  depth.  The  drill 
was  sharpened  on  a  special  grinder  in  such  a  manner  that  the  rake 
and  clearance  of  the  drill  was  the  same  for  every  test. 

The  metal  to  be  tested  is  securely  clamped  or  otherwise  held 
on  the  table.  The  weights  needed  to  give  the  desired  pressure  are 
hung  on  the  supports  attached  to  the  table.  The  point  of  the 
drill  is  allowed  to  drill  into  the  metal  before  the  diagram  tracing 
attachment  is  thrown  into  gear.  If  the  drill  dulls,  it  becomes 
apparent  at  once  froiTi  the  change  of  slope  of  the  curve.  The  drill 
must  then  be  taken  out  and  sharpened. 

Only  a  few  ot  the  metals  tested  by  the  other  methods  could 
be  tested  by  the  Bauer  method.  Some  difficulty  was  encountered 
in  testing  these.  This  was  chiefly  due  to  the  fact  that  they  had 
to  be  drilled  at  the  same  pressures  in  order  to  have  a  basis  of  com- 
parison. It  is  a  matter  of  common  experience  that  the  pressure 
applied  to  the  drill  and  the  speed  at  which  it  runs  must  be  suited 
to  the  metal.  Since  the  method  depends  upon  the  rate  at  which 
the  metal  is  drilled  for  the  measure  of  the  hardness  or  workability, 
it  is  obvious  that  the  results  obtained  for  different  metals  are 
comparable  only  within  very  narrow  limits. 

The  line  traced  by  the  autographic  apparatus  shows  a  linear 
relation  between  multiples  of  the  depth  of  hole  drilled  and  the 
revolutions  required  to  drill  it.    The  tangent  of  the  angle  which 

46 
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this  line  makes  with  the  Y-axis  is  taken  as  the  hardness  numeral. 
For  metal  as  hard  as  the  steel  drill  the  line  traced  is  the  X-axis. 
The  hardness  numeral  of  such  a  metal  is  therefore  infinity.  The 
results  obtained  are  given  in  Table  V;  each  result  is  the  mean  of 
three  separate  determinations. 

5.    The  Ballantine  Hardness  Test. 

Fig.  8  illustrates  the  essential  parts  of  the  instrument.  The 
hammer  H  is  fitted  with  a  hardened  cylindrical  piece  of  steel  E. 
The  two  springs  5  and  5'  are  attached  to  the  hammer  and  hold  a 
leaden  cylindrical  disk  0.6  cm.  in  depth  and  i .  i  cm.  in  diameter 
in  the  position  shown.  The  hammer  is  held  in  the  upper  part  of 
the  tube  T  by  a  trigger,  not  shown  in  the  figure.    The  anvil  A  in  the 

Table  IV. — Results  Obtained  with  Different  Cones  in  the 
Ballantine  Test. 


MeUl. 

Depth  of  Indentation  of  Lead  Disks  in  mms. 
for  Circular  Cone  Anvils  of 

120° 

90° 

60° 

3.26 
3.18 
3.20 
3.18 

3.14 
3  23 
3.36 
3.17 

2  99 

3  06 

3  04 

2.95 

lower  part  of  the  tube  is  free  to  move  verticajly.  The  upper  part 
of  the  anvil  is  a  duplicate  of  the  lower  part  of  the  hammer.  The 
anvil  terminates  in  a  point  P  which  rests  upon  the  metal  to  be  tested. 

The  instrument  is  supposed  to  operate  and  give  results  as 
follows:  When  the  hammer  is  released  it  falls  on  the  anvil,  and  the 
force  of  the  blow  drives  the  point  P  into  the  test  piece.  The  lead 
disk  is  then  indented  a  certain  amount  depending  on  the 
hardness  of  the  metal.  If  the  metal  is  hard,  the  disk  will  be 
indented  more  than  if  the  metal  is  soft.  The  reciprocal  of  the 
depth  of  indentation  of  the  lead  disk  is  the  hardness  numeral. 

•  Tests  were  made  on  ten  different  metals,  but  the  indi-nta- 
tions  of  the  lead  disk  were  practically  the  same  for  the  hardest 
and  softest  metals. 

The  instrument  as  it  comes  from  the  manufacturers  has  an 
anvil  point  which  is  a  circular  cylinder  slightly  upset  at  the  end. 
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Thinking  to  increase  the  sensitiveness  of  the  apparatus,  anvil 
points  were  provided  which  were  circular  cones  of  1 20°,  90°,  and 
60°  angular  opening,  respectively.  The 
results  obtained  for  three  copper- tin 
alloys  with  these  different  points  are. 
given  in  Table  IV.  A  comparison 
of  these  results  shows  that  the  modi- 
fied cone  points  did  not  serve  the 
expected  purpose. 

The  next  modification  introduced 
was  to  reduce  the  area  of  the  lower  end 
of  the  hammer  and  the  upper  end  of 
the  anvil,  in  approximately  the  ratio  of 
2  to  3.  That  neither  of  these  modifi- 
cations served  the  intended  purpose  is 
shown  by  the  results  given  in  Table  V. 

For  all  of  the  metals  tested  the 
depth  of  indentation  of  the  metal — 
not  of  the  disk — was  ver}^  small, 
amounting  in  the  case  of  the  softest 
metal  to  about  0.3  mm.  The  energy 
of  fall  of  the  hammer  is  therefore 
practically  a  constant.  This  energy 
is  spent  in  indenting  the  test  piece  and 
the  leaden  disk,  and  in  heat.  If  a 
hard  metal  is  tested  the  indentation 
of  the  metal  is  small,  but  the  work 
done  may  be  no  less  than  that  re- 
quired to  produce  a  larger  indentation 
in  a  softer  metal.  If  this  is  the  case 
there  remains  only  a  constant  fraction 
of  the  energy  to  do  the  work  required 
to  indent  the  leaden  disk.  This  con- 
stant fraction  of  the  total  energy  availa- 
ble can  be  a  varying  quantity  for  the 
different  metals,  only  when  the  total 

energy  of  the  falling  hammer  is  itself  a  variable  quantity  for 
every  metal.  This  would  be  the  case  only  for  widely  varying 
depths  of  indentations  of  the  metal. 


Fig.  8.— Ballantine 
Apparatus. 
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Discussion  of  Results. 

The  hardness  numerals  for  all  of  the  metals  tested  by  the  five 
different  methods  are  given  in  Table  V.  To  enable  the  reader  to 
see  at  a  glance  how  these  methods  compare,  the  results  obtained 
by  the  scleroscope,  the  sphere,  and  the  cone  method  are  represented 
graphically  in  Fig.  9.  To  obtain  convenient  numbers  for  graphi- 
cal representation,  the  hardness  numeral  of  the  scleroscope  is 


Pig.  9. — Graphical  Comparison  of  Hardness  Numerals. 

multiplied  by  100,  while  that  of  the  sphere,  {P/ittIR')  and  of  tlic 
cone  are  unchanged.    The  sphere  numeral  P/ 1  is  unchanged. 

Strictly  speaking,  no  comparison  of  these  (|uanlilies  can  l;c 
made;  but  if  the  different  methods  measure  the  same  quantity 
the  lines  connecting  the  points  of  hardness  by  one  method  would 
be  parallel  to  the  lines  by  another  method.  In  these  curves  it  is 
interesting  to  notice  that  the  widest  divergence  luMwcen  the  Brinell 
and  the  Shore  method  occurs  for  those  metals  which  contain 
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Table  V. — Hardness  Numerals  of  Different  Metals  for  Five 
Methods  of  Test. 


Shore 
Sclero- 
Bcope. 

Brinell  Test. 

Cone  Test. 

Bauer 
Drill 
Test. 

Ballan- 

Metal. 

P 
2KtB' 

P 
f 

90' 

60° 

tine 
Test. 

High-Carbon  Steel.  . .  . 

86.1 
33.6 
29.5 
33.3 
32.9 
26.6 
37,8 
42.4 
25.6 
22.1 
16.0 

641.0 
261.8 
179.0 
149.0 
172.3 
188.0 
289.0 
110.0 
105  0 
94.7 
89.6 

4,550 
865 
641 
538 
590 
428 

1,230 
360 
323 
289 
235 

33i.6 
368.0 
191.0 
231  0 
260.0 

i3o!6 

149  2 
122  0 
114.0 

130.6 

124.0 

68.0 

79  2 

76.5 

66'.i 
54.1 
4^.8 
38.6 

2.29 

6;73 
1.04 
1  24 
1.88 

3.23 
3  03 

Manganese  Steel 

Cast  Iron  1 

3.26 
3.18 

Cast  Iron  2 

3  23 

Bessemer  Steel 

Tool  Steel 

3.31 
3  29 

Cu.-Sn.  AUov  1 

Cu.-Sn.  Alloy  2 

Cu-Sn.  Alloy  3 

3.14 
3.23 
3.36 
3.17 

elements  whose  presence  is  generally  supposed  to  contribute 
toughness  rather  than  hardness.  Consider,  for  instance,  the  cop- 
per-tin alloys  numbered  i,  2,  3  and  4.  No.  i  is  an  alloy  of  90  per 
cent,  copper  and  10  per  cent.  tin.  By  the  scleroscope  it  shows 
a  hardness  greater  than  that  of  tool  steel.  By  the  Brinell  test  it 
shows  a  hardness  not  much  greater  than  that  of  ordinary  com- 
mercially pure  cojjper.  No.  2,  an  alloy  of  85  per  cent,  copper  and 
15  per  cent,  tin,  is  almost  as  hard  as  Bessemer  steel  by  the  sclero- 
scope. By  the  Brinell  test  it  is  only  slightly  softer  than  No.  i .  By 
both  the  scleroscope  and  the  Brinell  method  the  hardness  for  the 
copper-tin  alloy  series  is  in  the  same  direction.  Alloy  i  is  the 
hardest,  with  Nos.  2,  3  and  4  following  in  order.  Comparing  this 
with  the  Bauer  drill  test  hardness  numerals  we  see  that  the  order 
is  reversed.  Alloy  i  drills  the  easiest  and  2,  3  and  4  follow  in  the 
order  named. 

The  cone  and  sphere  tests  give  results  that  are  quite  concordant 
throughout.  For  these  two  tests  a  strict  comparison  can  be  made, 
for  the  results  are  expressed  in  the  same  units. 


[For  Discussion  of  this  paper  see  pages  740-743. — Ed.] 


HARDNESS  IN  ITS  RELATION  TO  OTHER  PHYSICAL 
PROPERTIES. 

By  R.  p.  Devries. 

Of  the  five  methods  of  hardness  measurement  compared  in 
my  first  paper,*  only  two  will  be  considered  in  this  paper.  They 
are  the  Brinell  and  the  Shore  methods.  Knowledge  of  the  physical 
properties  of  metals  is  necessar}-  to  obtain  a  clear  conception  of  the 
significance  of  the  different  hardness  tests.  It  is  also  desirable  for 
the  reason  that  correlation  may  help  to  avoid  the  introduction  and 
use  of  certain  tests  whose  results  might  as  well  be  determined  from 
some  form  of  test  already  standardized. 

From  the  complete  investigation  of  thirteen  alloy  steels 
furnished  by  the  Halcomb  Steel  Company  and  the  Crucible  Steel 
Company,  only  those  results  will  be  presented  which  stand  in 
direct  relation  to  the  hardness  tests. 

The  Brinell  and  Shore  hardness  tests  are  alike  in  that  they 
respectively  measure  and  indicate  hardness  in  the  region  of  perma- 
nent deformations.  In  the  Brinell  tests  the  indentation  is  made 
under  static  pressure  and  the  hardness  is  the  resistance  offered. 
In  the  Shore  test  the  indentation  is  made  by  an  impulsive  force, 
but  it  is  not  evident  what  the  height  of  rebound  indicates.  To 
determine  this,  thirty  different  metals  were  tested  by  the  scleroscope 
with  three  different  hammers.  These  hammers  were  the  universal 
scleroscope  hammers,  but  the  striking  jx)ints  of  two  of  them  were 
ground  differentl}-.  For  con\enience  of  reference  they  were 
lettered  A,  B,  and  C.  The  striking  area  of  Hammer  A  was  ground 
so  that  the  radius  of  curvature  was  very  large.  Hammer  B  was 
unchanged.  Hammer  C  was  ground  to  the  form  of  a  circular 
cone,  the  solid  angle  subtended  at  the  ape.x  being  ajij)ro.\imatcly 
45®.  The  heights  of  rebound  obtained  for  each  metal  arc  graphic- 
ally rei)resentcd  in  Fig.  i.f  The  curves  are  lettered  A,  B,  and  C 
to  correspond  to  the  hammer  used  in  obtaining  them. 

*  "A  Compftfiaoo  o(  Piv*  Mathoda  of  Hardnot*  Mcaiurement,"  p.  709. — Ed. 
t  Acknowtedttmettt  I*  made  to  the  American  Machinist  for  the  drawingt  from  which 
Um  suta  in  thia  paper  were  made.— Bu. 
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These  curves  assign  different  hardnesses  to  the  metals  tested, 
but  do  not  place  the  metals  in  the  same  position  in  the  hardness 
scale.  The  question  then  arises,  why  shall  the  hardness  scale 
established  by  Hammer  B  be  accepted  as  correct  ? 

The  rebound  of  all  three  hammers  is,  of  course,  primarily  due 
to  the  elasticity  of  the  metal  and  the  hammers,  but  the  different 
forms  the  three  curves  assume  show  that  some  other  variable  or 
variables  modify  the  height  of  rebound.  Since  all  the  conditions 
except  the  form  of  the  hammer  remained  constant  in  these  tests,  it 
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Fig.  I. — Height  of  Rebound  for  Three  Hammers,  Shore  Scleroscwpe. 
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is  clear  that  one  variable  which  affects  the  height  of  rebound  is  the 
form  and  size  of  the  permanent  indentation  made  in  the  metal. 
When  the  hammer  falls  upon  the  metal  under  test  it  rebounds 
from  the  indentation  formed.  The  cold-working  imparted  to  the 
metal  increases  both  the  elasticity  and  the  hardness.  This  can  be 
seen  by  allowing  the  hammer  to  rebound  twice  from  the  same 
indentation.    The  second  rebound  is  higher  for  all  metals.     For 
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the  steels  under  investigation  the  height  of  rebound  is  increased 
from  lo  to  30  per  cent,  of  the  initial  height  of  rebound. 

To  show  this  effect  in  a  different  way  a  bar  of  steel  was 
stressed  in  a  tensile  machine  and  the  heights  of  rebound  were 
obtained  for  the  different  stresses.  The  results,  given  in  Table  I, 
show  that  the  height  of  rebound  did  not  increase  for  stresses  below 
the  elastic  limit,  but  that  it  did  increase  approximately  18  per  cent. 
of  the  initial  rebound  for  the  highest  stress  above  the  elastic  limit. 

Although  these  experiments  are  sufficient  to  show  that  the 
scleroscope  responds  to  the  increased  elasticity  and  hardness 
imparted  by  cold  working,  they  give  no  idea  of  the  effect  actually 
produced  by  cold  working  of  the  scleroscope  hammer.  To  deter- 
mine this,  all  of  the  thirty  metals  previously  tested  by  the  three 

Table  I. — Scleroscope  Hardness  of  Vanadium  Steel  for  Different 

Stresses. 

(Elastic  Limit,  78,000  lbs.  per  sq.  in.) 

Stress,  lbs.  per  sq.  in.  Scleroscope  Hardness. 

o 36.5 

10,000 36.8 

30,000 36.8 

35.000 37.0 

60,000 37-0 

83,000 40 . o 

98,000 43  •  o 

different  hammers  were  indented  with  a  1.2-cm.  sphere  subjected 
to  3, OCX?  kilograms  pressure.  The  metals  were  then  tested  in  the 
scleroscope  with  the  universal  hammer  B.  The  hammer  was  made 
to  drop  in  the  center  of  the  indentation  formed  by  the  sphere.  , 
The  heights  of  rebound  are  shown  in  Curve  D  of  Fig.  i.  The 
difference  between  any  ordinate  of  Curves  B  and  D  is  the  increased 
height  of  rebound  due  to  cold  working.  The  3,000  kilograms 
static  pressure  applied  to  the  different  metals  cold-worked  them  to 
different  degrees,  just  as  the  force  of  gravity  acting  upon  the 
scleroscope  hammer  induces  different  degrees  of  cold-working. 
Curve  D,  when  compared  with  B,  therefore  shows  the  effect  which 
cold-working  j)roduccs.  The  differences  in  rebound  on  different 
steels  are  so  small  that  the  forms  of  Curves  B  and  D  are  almost 
exactly  similar.    If  the  first  rebound  of  the  scleroscope  hammer 
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responds  to  the  cold  working  it  fails  to  explain  the  difference  of 
form  existing  between  Curves  B  and  A. 

In  the  scleroscope  the  kinetic  energy  available  for  doing  work 
on  the  metal  under  test  is  a  constant.  A  certain  fraction  of  this 
energy  is  spent  in  doing  work  of  permanent  deformation.  The 
energy  restored  to  the  hammer  by  elasticity  is  the  difference  between 
the  total  and  the  amount  spent  in  deformation,  heat,  etc.  Now 
Shore*  assumes  that  the  amount  of  energ\'  spent  in  producing 
a  comparatively  large  permanent  deformation  in  a  soft  metal  is 
greater  than  the  energy  spent  in  producing  the  comparatively 
small  deformation  in  the  hard  metal.  The  energ}'  restored  by 
elasticity  would  then  be  less  for  the  soft  metal  than  for  the  hard 
metal  and  consequently  the  rebound  would  be  less.  This  assump- 
tion is  not  substantiated  by  our  knowledge  of  the  behavior  of  hard 
and  soft  metals  under  stresses  beyond  the  elastic  limit.  Lieu- 
tenant-Colonel Martell  has  in  fact  shown  conclusively  that  the 
energy  required  to  displace  a  unit  volume  of  metal  by  impact  of 
any  form  of  pyramidal  hammer  is  greater  for  hard  metals  than 
for  soft  metals.  From  the  energy  standpoint  we  would  therefore 
be  compelled  to  assume  that  the  energy  spent  in  producing  the 
small  deformation  in  hard  metals  might  as  well  be  equal  to  or 
greater  than  the  energy  required  to  produce  the  larger  indentation 
in  the  soft  metal. 

The  hammer  makes  a  permanent  indentation  in  every  metal. 
Therefore,  in  some  part  of  the  indentation  it  comes  into  contact 
with  metal  stressed  beyond  the  elastic  limit  and  in  some  part  with 
metal  stressed  just  up  to  the  elastic  limit.  The  rebound  of  the 
hammer  can  only  be  caused  by  the  recover}'  from  strains  within  or 
just  beyond  the  elastic  limit.  The  energy  restored  to  the  metal 
must  be  proportional  to  the  elasticity  of  the  metal.  This  has  been 
proved  by  Vincent,  who  showed  that  there  is  a  maximum  velocity 
of  rebound  whatever  the  velocity  of  impact  may  be.  If  a  soft 
metal  has  a  low  elastic  limit  it  might  therefore  give  a  less  rebound 
than  a  hard  metal  with  high  elastic  limit. 

In  Fig.  2  the  elastic  limits  of  thirteen  steels  investigated  are 
compared  with  the  hardness  as  obtained  by  the  scleroscope. 
These  results  show  conclusively  that  there  is  no  constant  ratio 
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between  hardness  by  the  scleroscope  and  the  elastic  limit  of  the 
material.  For  example,  Steel  i  has  a  lower  elastic  limit  than 
Steel  2.  It  shows  a  higher  tensile  hardness  than  Steel  2 ;  that  is, 
its  percentages  of  elongation  and  contraction  are  much  less.  Its 
ultimate  strength  is  higher.  Yet  the  Shore  instrument  as  well  as 
the  Brinell  shows  that  Steel  i  is  harder  than  Steel  2.  The  reader 
can  find  other  examples  from  the  curves  of  Fig.  2. 

This  result  was  to  be  expected,  because  the  ciu-ves  of  Fig.  i 


24Q000 


220000 


Pig.  2. — Comparison  of  Hardness  and  Tensile  Tests. 

show  that  the  size  and  form  of  the  permanent  indentation  made  by 
the  hammer  modify  the  heights  of  rebound.  The  regulation  sclero- 
scope hammer  also  |)r(xluces  different  forms  and  sizes  of  indenta- 
tion. For  a  hard  steel  the  universal  hammer  is  practically  a  blunt 
hammer;  for  a  soft  steel  il  is  a  |M)infod  hammer.  The  significance 
of  the  scleroscope  now  becomes  apparent.  The  height  of  rel)ound 
which  is  caused  by  the  elasticity  of  the  metal  is  modified  by  the 
form  and  size  of  the  permanent  indentation.     If  the  indentation 
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is  comparatively  large,  as  it  is  for  a  soft  metal,  the  rebound  is 
retarded.  If  it  is  small,  as  it  is  for  a  hard  metal,  the  hammer 
rebounds  with  greater  freedom.  For  metals  like  steels  in  the  cast 
or  annealed  condition,  in  which  the  height  of  rebound  due  to 
elasticity  is  approximately  the  same,  the  scleroscope  gives  an 
indication  of  the  resistance  offered  to  permanent  deformation. 
Since  the  modulus  of  elasticity  of  hardened  steels  is  not  different 
from  that  of  ordinary-  steels,  it  may  easily  be  seen  that  the  detection 
of  differences  in  hardness  is  dependent  upon  verj'  slight  differences 
of  permanent  indentations.  This  explains  why  hardened  steels 
when  tested  by  the  scleroscope  should  have  the  surfaces  prepared 
with  the  greatest  care,  and  even  then  it  will  be  difficult  to  obtain 
accurate  results. 

Since  it  has  been  shown  that  the  indications  of  the  scleroscope 
are  a  function  of  the  elasticity  within  the  elastic  limit  and  of  the 
size  of  the  deformation  produced  beyond  the  elastic  limit,  it  is 
clear  that  the  results  obtained  by  the  scleroscope  are  comparable 
only  for  the  same  class  of  metals.  It  is  also  clear  that  rubber, 
glass,  paper  and  similar  substances  should  not  be  compared  with 
metals  because  for  these  substances  elasticity  alone  affects  the 
height  of  rebound. 

In  Curve  A  of  Fig.  i,  there  is  inserted  among  the  steels  four 
alloys  of  copper  and  tin.  The  elastic  height  of  rebound  is  the  same 
as  that  of  steels.  The  fact  that  they  show  hardness  equal  to  and 
greater  than  that  of  steels  is  therefore  easily  explained. 

The  relation  existing  between  hardness  by  the  Brinell  method 
and  by  the  scleroscope  as  shown  by  the  curves  is  not  a  constant  one 
even  for  steels.  That  there  is  a  relation  is  evident,  since  the  Shore 
hardness  is  a  function  of  resistance  to  indentation  as  well  as  of  the 
elastic  limit.  For  steels  of  the  same  elastic  limit  the  relation 
between  hardness  by  the  Brinell  and  Shore  instrument  should  be  a 
linear  one,  since  the  hardness  indications  are  entirely  dependent 
on  the  resistance  to  indentation. 

The  Brinell  test  owes  not  a  little  of  its  importance  to  the  fact 
that  at  different  times  comparative  results  between  it  and  the 
ultimate  strength  of  steel  have  been  adduced  to  show  the  existence 
of  a  simple  relation  between  the  two.  The  investigations  of 
Kurth*  haxe  gone  far  to  show  that  no  simple  relation  exists,  at 
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least  not  for  the  two  chemically  pure  metals  which  he  investigated. 
He  has  shown,  however,  that  if  a  metal  has  its  elastic  limit  raised 
by  repeated  stressing  in  the  tensile  machine,  the  ratio  of  change  in 
elastic  limit  to  change  of  hardness  is  a  constant  for  geometrically 
similar  indentations.  The  curves  of  Fig.  2  show  that  no  simple 
relation  exists  between  hardness  and  ultimate  strength  of  the  alloy 
steels  investigated. 

The  relation  between  the  elastic  limit  and  the  scleroscope 
results  has  been  discussed.  The  curves  show  conclusively  that 
the  hardness  tests  by  both  the  scleroscope  and  Brinell  methods 
agree  with  what  is  generally  known  as  tensile  hardness;  that  is,  low 
elongation  with  high  tensile  strength. 

It  is  noteworthy  that  the  ratio  between  the  scleroscope  and 
Brinell  hardness  is  not  a  constant  even  for  the  thirteen  alloy 
steels  investigated. 


[For  Discussion  of  this  paper  see  pages  740-743. — Ed.] 


THE    PROPERTY    OF    HARDNESS    IN    METALS    AND 

MATERIALS. 

By  a.  F.  Shore. 

The  Hardness  Test  in  General. 

Hardness  testing  instruments  have  during  the  past  few  years 
come  into  practically  universal  use,  both  in  this  countr)'  and  abroad. 
The  apparent  suddenness  of  this  popular  movement  may  be  due 
to  more  than  one  cause.  One  is  surely  the  development  of  the 
automobile,  and  another  perhaps  the  appearance,  at  what  may  be 
said  to  have  been  the  psychological  moment,  of  a  cheap  and  rapid 
method  of  performing  the  test  itself. 

The  scleroscope,  which  the  author  described  at  length  at  the 
last  annual  meeting  of  the  Society,  is  now  made  semi-automatic 
and  is  capable  of  giving  over  5,000  hardness  readings  per  day. 
In  some  cases  the  instruments  are  used  at  intervals  in  checking 
up  material  and  keeping  an  intelligent  record  of  the  happenings 
in  and  about  the  works.  Thus  every  notable  performance  of 
tools  or  machine  parts  is  investigated  for  future  guidance,  while 
naturally  the  ultimate  causes  of  undue  discrepancies  and  failures 
are  ascertained.  Hardness  tests,  even  when  applied  to  a  limited 
extent,  frequently  point  the  way  to  economies.  In  this  connection, 
it  is  quite  safe  to  affirm  that  the  value  of  the  hardness  test  is  not  at 
this  time  fully  appreciated.  Yet  collectively  considered,  and 
judging  from  the  excellent  results  obtained  in  ever)'  branch  of 
work  by  those  who  persevere,  there  would  probably  be  little  left 
to  explain  about  hardness  problems  if  the  whole  mass  of  data 
could  be  compiled. 

In  many  instances  the  hardness  test,  without  any  other  knowl- 
edge of  the  chemical  constituents  or  of  the  heat  treatment  a 
metal  has  received,  is  of  limited  value;  yet  if  the  last-named  con- 
ditions were  known  without  the  hardness  value,  they  would  not  at 
all  suffice  at  the  present  time.  For  instance,  cast  iron  becomes 
softer  with  the  addition  of  silicon  up  to  between  two  or  three  per 
cent.     It  can  then  be  machined  very  well  if  the  chilling  has  been 
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of  such  a  rate  as  to  give  a  low  hardness  reading.  If  all  of  this 
silicon  is  combined,  the  casting  will  become  more  and  more  diffi- 
cult to  machine  as  the  hardness  increases;  and  if  the  manganese 
content  is  not  too  high,  the  hardness  test  will  be  a  direct  indicatiori 
of  the  machinability.  Very  frequently,  however,  this  silicon  will 
appear  partially  in  another  form,  perhaps  as  silica,  so  that  the  com- 
bined silicon  will  be  less.  This  apparently  should  give  the  metal 
a  tendency  to  re-enter  its  original  or  low- silicon  condition  and  thus 
become  harder  to  the  scleroscope  or  Brinell  machine ;  but  since  the 
silica  will  oppose  the  action  of  the  combined  silicon  by  making 
the  metal  weaker,  and  also  oppose  the  hardening  as  recognized  by 
the  two  above  methods,  a  casting  of  this  kind  would  show  a  lower 
hardness  reading.  However,  since  it  is  now  charged  with  silica,  or 
stone,  it  has  developed  a  new  property,  namely,  a  form  of  attrition 
resistance  which  will  destroy  the  edge  of  steel  cutting- tools.  Here 
the  difficulty  usually  begins,  and  the  tendency  is  to  declare  a  hard- 
ness testing  apparatus  useless.  The  question  once  more  arises, 
"Does  any  one  method  lend  itself  to  the  true  measurement  of 
the  several  kinds  of  hardness,  of  which  this  appears  to  be  one?" 
The  answer  is,  that  oxidized  silicon  no  more  imparts  hardness 
to  a  casting  as  a  stress-resisting  body  than  do  crystals  of  carborun- 
dum when  in  a  bar  of  soft  lead.  As  a  further  example,  soft  lead 
charged  with  an  abrasive  will  quickly  destroy  the  hardest  steel 
cutting-tool.  The  question  now  is,  "How  can  we  measure  the 
machinability  of  cast  iron  when,  as  is  usually  the  case,  the  chemical 
content  is  unknown?" 

Since  we  have  seen  that  in  this  instance  the  measurement 
of  either  hardness  or  attrition  resistance  alone  will  not  suffice,  it 
is  evident  that  both  of  these  properties  must  be  determined.  The 
scleroscope  will  show  the  physical  or  stress-resisting  hardness. 
As  to  the  attrition  resistance,  it  is  obvious  that  the  diamond 
scratch  method  will  indicate  j)hysical  hardness  rather  than  attrition 
resistance,  because  the  diamond  is  so  hard  that  it  will  readily  cut 
abrasives  which  would  destroy  a  steel  tool.  We  can,  however,  use 
the  steel  drill  method,  in  which  case  certain  conditions  must  be 
obscfN'cd.  For  example,  the  hardness  of  the  drill  must  be  adapted 
for  testing  the  particular  material;  that  is,  the  drill  must  be  just 
hard  enough  to  j)enctrate  a  few  inches  under  the  most  favorable 
conditions.    The  same  drill,  when  used  with  a  casting  of  the  same 
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physical  hardness  but  with  a  higher  attrition  resistance,  would  fail 
quicker;  and  if  the  percentage  of  abrasive  is  ver\'  high,  it  would 
fail  practically  at  once.  Thus,  a  t^-in.  drill  fifty  per  cent,  harder 
than  cast  iron  will,  under  favorable  conditions,  drill  a  number  of 
inches  of  this  material,  but  would  fail  quickly  if  the  iron  contained 
abrasives  which  would  make  machining  difBcult.  The  proper 
drill  to  be  used  also  depends  somewhat  upon  the  toughness; 
that  is,  a  drill  suitable  for  testing  cast  iron  or  even  cast  steel,  would 
not  be  suitable  for  testing  forged  tool  and  alloy  steels.  The  ratio 
of  the  hardness  of  test  drills  to  that  of  forged  steels  should  be  about 
2  to  I.  The  hardness  required  in  regular  shop  tools  is  from  2^ 
or  3  to  I,  thus  showing  that  the  test  drills  above  mentioned  are 
comparatively  soft. 

The  best  machine,  perhaps,  for  making  these  drill  tests  for 
machinability  is  an  ordinary  sensitive  drill  press.  A  A -in.  drill 
is  perhaps  the  most  convenient.  The  drilling  speed  should  be 
normal,  and  such  lubricants  should  be  used  as  are  employed  in 
practice. 

Exhaustive  tests  have  often  been  made  to  determine  the 
efficiency  of  a  drill  without  knowing  the  hardness  of  either  the 
drill  or  the  material  to  be  cut.  For  example,  the  author  once 
witnessed  a  series  of  tests  to  destruction  with  both  carbon  and  high- 
speed steel  drills,  to  determine  the  importance  of  the  hardness 
test  on  drills.  The  results  obtained  were  strikingly  irregular. 
Some  drills  cut  hundreds  of  inches,  while  others  cut  only  a  few 
inches.  An  investigation  was  made  to  ascertain  the  reasons; 
it  was  discovered  that  the  material  drilled  was  ordinarj'  slag- 
wrought- iron,  and  that  the  sudden  failures  were  due  to  an  occasional 
vein  of  flinty  slag.  The  tests  were  then  repeated  on  carefully 
annealed  tool  steel  for  the  sake  of  its  uniformity.  This  test, 
however,  involves  such  a  vast  amount  of  work  and  permits  the 
entrance  of  so  many  unknown  and  unfavorable  factors,  such  as 
the  failure  to  supply  oil  uniformly  at  all  times,  that  it  is  apparently 
not  practical.  Hence  the  need  of  adapting  the  hardness  of  the 
tool  to  that  of  the  material  in  testing  the  machinability  of  the 
material,  and  of  adapting  the  hardness  of  the  material  to  that  of  the 
tool  itself  in  testing  the  staying  powers  of  the  tool  against  the 
material. 

It  is  of  course  understood  that  in  machining  metals,  cutting 
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tools  of  at  least  an  average  quality  must  be  used.  The  author 
wishes  to  lay  special  stress  upon  this  point,  because  the  use  of  an 
inferior  tool,  or  a  superior  tool  which  had  the  temper  drawn  on 
the  edges  as  the  result  of  more  or  less  careless  dr}-  grinding,  gives 
a  wrong  indication  of  the  machining  qualities  of  the  material, 
which  reflects  not  only  upon  the  hardness  test  in  general,  but  upon 
the  manufacturer  of  the  material  as  well. 

The  Hardness  Test  as  Applied  to  Rolling-Mill  Products. 

Hardness  testing  is  now  universally  practiced  by  the  rolling 
mills,  particularly  where  rolling  or  drawing  is  done  cold,  and  is 
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Metals. 


especially  applicable  to  non-ferrous  metals.     In  this  respect  the 
hardness  test  has  become  a  decided  convenience  in  several  ways. 

In  ordering  material  to  specification  it  was  formerly,  and 
in  fact  is  largely  to  this  day,  the  practice  of  the  consumer  to 
send  samples  of  the  metals  which  have  given  satisfaction  in 
the  sheet,  bar,  or  wire,  with  the  understanding  that  the  mill 
would  be  able  to  make  a  similar  article.  Formerly,  however,  this 
was  not  entirely  j)ossible,  for  the  hardness  was  an  unknown 
quantity;  and  even  though  the  foreman  could  tell  by  experience 
very  nearly  what  was  wanted,  it  was  dilTicult  for  him  to  convey 
his  ideas  to  the  workmen  so  that  they  in  turn  could  carry  out  his 
orders.    The  tension  test  helped  to  some  extent,  but  in  pre- 
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determining  a  given  hardness  it  was  not  wholly  feasible  to  clip  off 
test  pieces  from  the  marketable  sheets,  etc.,  as  they  were  being 
passed  through  the  rolls  or  as  they  were  being  heat  treated.  With 
the  quick  hardness  test,  the  method  of  pre-determination  of  the 
characteristics  of  the  product  becomes  very  simple.  Orders  that 
specify  the  hardness  numbers  can  receive  immediate  attention  by 
the  mill  foreman,  while  those  that  refer  to  samples  are  sent  to  the 
testing  department,  where  the  hardness  tests  are  made  and  the 
results  marked  on  the  shop  orders. 

There  are  several  methods  of  pre-determining  hardness  in 
cold-rolled  material  in  which  the  men  become  expert  provided  they 
have  a  suitable  measuring  instrument  to  guide  them.  After  the 
billet  has  been  selected,  a  certain  amount  of  rolling  will  produce 
a  given  hardness,  while  any  over-hardness  produced  can  be  readily 
corrected  by  annealing  to  certain  temperatures  which  are  different 
for  different  kinds  of  alloys  or  metals.  Fig.  i  shows  the  effect 
upon  the  hardness  of  different  metals  of  re-heating  after  cold  roll- 
ing. It  will  be  seen  that  cold-rolled  steel  acts  differently  from 
non-ferrous  metals  and  even  high-carbon  steels  v^^hich  have  been 
hardened  by  quenching;  instead  of  the  hardness  decreasing  at  the 
quenching  point,  where  tool  steel,  copper  or  brass  rapidly  become 
soft,  it  becomes  slightly  harder.  The  hardness  does  not  drop 
until  ver}'  close  to  the  critical  or  non-magnetic  point,  when  it  drops 
very  suddenly  to  its  normal  level. 

The  Hardness  Test  as  Applied  to  Cutting  Tools. 

Hardness  testing  is  now  commonly  practiced  in  connection 
with  the  manufacture  of  tools,  but  not  as  extensively  as  it  might  be. 
Progress  in  this  direction  has  been  somewhat  slow,  due  to  lack  of 
knowledge  or  the  unwillingness  to  benefit  by  existing  knowledge. 
In  some  instances  the  hardness  test  alone  will  not  indicate  the  cut- 
ting qualities  of  the  tool,  and  it  is  on  this  account  that  some  have 
thus  far  not  made  use  of  the  test.  A  number  of  manufacturers  are 
advancing  the  following  argument:  Three  drills  may  be  selected, 
measuring,  for  example,  90  hard  each,  while  they  have  been  treated 
in  widely  different  ways.  Drill  i,  a  Bessemer  steel  containing 
about  0.50  percent,  carbon,  is  hardened  to  90,  where  it  is  left  with- 
out tempering.  This  will  make  a  ver\'  poor  tool.  Drill  2,  con- 
taining 1. 10  per  cent,  carbon,  is  hardened  to  105  and  drawn  down 
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to  90.  This  will  make  a  drill  of  remarkable  strength  and  cutting 
efficiency  at  high  speeds.  Drill  3,  taken  from  the  same  bar  as 
Drill  2,  has  been  grossly  over-heated  and  allowed  to  soak  in  the 
fire,  so  that  it  is  crystallized  and  shows  an  initial  hardness  of  90. 
Without  tempering,  it  will  show  the  same  reading  as  the  best 
possible  drill  at  this  hardness,  yet  it  is  so  brittle  and  weak  that  its 
edge  would  crumble  up  as  soon  as  used.  It  is  claimed  by  these 
manufacturers  that  owing  to  such  conditions  it  is  not  possible  to 
pick  the  best  tool  out  of  a  series  of  poor  ones.  This  is  a  mistake, 
however,  for  the  following  reasons:  In  the  first  place,  it  would 
not  seem  rational  for  any  manufacturer  to  knowingly  work  up 
Bessemer  steel  for  the  purpose  of  making  good  tools,  along  with 
other  steels  which  are  really  good,  with  the  hope  of  being  able  to 
select  the  good  tools  from  the  bad  ones  after  they  are  finished. 
Again,  it  would  not  seem  rational  for  any  manufacturer  who  used 
fine  steel  to  permit  gross  neglect  in  the  heat-treating  department, 
just  because  they  are  able  to  pick  out  the  spoiled  tools  in  the  inspec- 
tion room.  However,  should  an  error  have  been  made  in  the  first 
place  by  the  mixing  of  an  inferior  steel  with  a  good  steel,  the  good 
steel  could  be  easily  selected  immediately  after  quenching  a  sam- 
ple by  its  superior  hardness,  providing  the  heat  treatment  had  been 
right.  Again,  if  the  hardness  test  had  not  been  applied  until  the 
tools  had  all  been  tempered  at  a  known  temperature,  it  would 
still  be  possible  to  select  the  best  tools  by  their  superior  hardness, 
for  it  is  a  fact  that  temper-drawing  is  more  injurious  to  low-carbon 
steels  than  to  high-carbon  steels,  under  the  same  heat  treatment. 
If  nothing  should  be  known  about  the  heat  treatment  of  the  carbon 
steel,  a  good  tool  may  be  selected  as  that  which  shows  a  high 
scleroscopc  reading  and  a  certain  amount  of  fileability.  This  is 
indicative  of  a  high  initial  hardness,  and  also  of  considerable  tem- 
per drawing,  to  which  the  strength  of  the  tool  is  due. 

A  hardness  test  on  high-speed  steel  may  be  misleading  unless 
some  judgment  is  exercised.  For  example,  two  drills  are  hardened, 
showing  respectively  90  and  100  hard  after  leaving  the  ([ucnching 
bath.  If  no  further  test  is  made  the  better  tool  cannot  be  selected, 
for  it  is  the  red  hardness  in  this  steel  that  counts.  Consequently 
we  must  test  the  red  hardness  as  follows:  Reheat  the  sam|)le  to 
alK)ut  600°  F.  and  test  again.  The  one  that  shows  a  high  hardness 
after  this  treatment  will  make  the  most  rapid  cutting  tool,  assuming 
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that  its  hardness  is  fitted  for  the  work.  Here  again  it  will  be  seen 
that  if  the  hardness  test  is  not  properly  applied  one  can  easily  be 
misled. 

The  Hardness  Testing  of  Rubber  and  Similar  Materials. 

In  the  discussion  of  the  writer's  paper  on  the  scleroscope,  read 
before  the  Society  at  the  last  annual  meeting,  the  statement  was  made 
that  the  rebound  of  the  scleroscope  drop  hammer  on  rubber  was 
as  high  as  that  on  cast  iron  and  steel.  It  was  the  author's  conten- 
tion at  that  time,  as  now,  that  the  scleroscope  can  only  be  applied 
to  materials  which  are  capable  of  taking  a  permanent  set  under  the 


Fig.  2. 

impact  of  its  drop  hammer;  and  since  soft  rubber  does  not  take 
a  permanent  set,  the  scleroscope  cannot  measure  its  hardness. 

During  the  past  year  we  have  devised  an  instrument  for  meas- 
uring the  hardness  and  resilience  of  fubber  and  similar  materials, 
which  is  shown  in  Fig.  2.  In  testing  the  hardness,  a  blunt-pointed 
pin  b  is  pressed  into  the  rubber  by  means  of  a  standardized  spring, 
and  the  depth  of  penetration  of  the  pin  indicated  on  a  dial,  as  is 
clearly  shown  in  the  figure.  This  dial  reading  is  a  measure  of  the 
hardness  of  the  material.  In  testing  the  resilience,  the  pin  b 
is  locked  in  its  normal  position  and  made  to  penetrate  the  material 
to  the  full  length  of  the  projecting  point.  The  locking  button  c 
is  then  released,  allowing  the  pin  to  yield  under  the  pressure  of  the 
rubber.  The  movement  of  the  indicator  arm  is  a  measure  of  the 
resilience  of  the  material. 


GENKRAIv  DISCUSSION  ON 
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The  Chairman.  Mr.  R.  W.  Hunt  (in  the  Chair). — These  papers  certainly 

are  very  interesting  and  of  great  importance.  They  show  an 
immense  amount  of  patient  labor  and  observation,  and  I  know 
they  will  make  a  valuable  addition  to  our  literature.  They  are 
worthy  of  careful  attention.  Will  Mr.  Howe  kindly  open  the 
discussion? 
Mr.  Howe.  Mr.  H.  M.  Howe. — We  must  all  agree  with  what  the  Chair- 

man has  said  about  the  value  of  these  papers,  the  labor  that  they 
represent,  and  the  importance  of  the  subject.  We  all  appreciate 
that  if  we  could  get  a  quick  and  cheap  test  of  this  kind  to  dis- 
place the  regular  tensile  test,  it  would  be  a  very  great  advantage. 
The  expense  of  the  Brinell  test  or  the  Shore  test  is,  of  course, 
insignificant  compared  with  that  of  the  tensile  test.  It  is  not  to 
be  expected  that  such  displacement  will  ever  be  universal;  for 
there  will  be  cases  in  which  we  will  want  to  go  beyond  the  indi- 
cations of  a  test  like  either  the  Brinell  or  Shore  test,  which 
report  on  only  one  property,  and  use  the  tensile  test,  because  this 
reports  on  four  somewhat  independent  properties,  and  therefore 
is  much  more  likely  to  detect  faulty  material.  If  all  four  of 
these  properties  are  normal,  that  raises  a  greater  presumption  that 
the  material  is  normal  than  would  be  raised  by  the  certificate 
of  any  hardness  test  that  the  hardness  alone  is  normal. 

Yet  there  are  cases  in  which  the  presumption  is  very  strong 
that,  if  the  hardness  is  normal  the  material  is  otherwise  normal; 
and  here  these  hardness  tests  should  have  great  value.  For 
instance,  where  the  open-hearth  or  Bessemer  process  is  carried 
out  with  great  regularity  under  very  constant  conditions,  this 
presumption  may  be  justified,  especially  if  human  life  would 
not  be  endangered  by  any  failure  of  the  product  in  service. 

In  addition  to  their  cheapness,  these  tests  often  have  a  great 
advantage  in  being  applicable  where  one  could  not  apj)ly  a  ten- 
sile test,  because  of  the  fact  that  the  tensile  test  requires  specimens 
of  considerable  size,  which  often  cannot  be  got  out  of  the  object 
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which  we  are  making  without  destroying  that  object,  or  without  Mr.  Howe. 
going  to  very  great  expense  beforehand  in  making  the  object 
sufficiently  large  to  enable  us  to  get  a  large  test  piece.    All  this 
is  very  expensive. 

But  when  we  come  to  apply  these  tests  to  widely  varying 
conditions  we  must  expect  to  find  surprises  and  disappointments. 
It  is  very  generally  told,  and  I  believe  it  is  true  although 
I  will  not  vouch  for  it,  that  one  of  the  best  materials  to  saw 
marble  with  is  soft  wrought  iron,  or  soft  steel.  We  know 
that  they  have  been  used  to  a  very  great  extent.  Glass  cut- 
ters formerly  cut  glass  with  copper  disks  by  putting  sand  on 
the  disks ;  of  course  it  was  not  the  hardness  of  the  disk  nor  the 
hardness  of  the  saw  that  caused  either  of  these  materials  to  be 
selected;  nevertheless,  under  the  particular  conditions,  the  soft 
steel  or  wrought  iron  saw  and  the  copper  disk  seemed  to  resist 
abrasion  better  than  much  harder  materials.  At  any  rate  they 
were  used  to  a  very  great  extent  for  purposes  for  which  it  would 
be  supposed  a  hard  material  was  needed,  and  yet  neither  the  saw 
nor  the  disk  was  hard  in  the  way  in  which  we  generally  recognize 
hardness.  The  Brinell  and  Shore  tests  would  give  no  indication 
of  the  fitness  of  the  soft  iron  or  copper  for  doing  this  work. 

We  feel  called  upon  to  demand  of  some  of  these  various 
testing  instruments,  that  they  shall  demonstrate  their  trust- 
worthiness by  the  most  convincing  proof ;  and  I  think  that  the 
Shore  instrument  stands  out  prominently  in  that  class ;  I  mean 
that  the  value  of  its  report  as  an  index  of  service  usefulness  is 
far  from  self-evident. 

Hardness  does  not  represent  any  one  quality.  It  represents 
under  a  wide  range  of  conditions  of  use  the  resultant  of  an  aggre- 
gate of  properties.  If  you  have  a  conglomerate  material  like 
steel  which  is  composed  of  two  or  three  or  possibly  more  dis- 
tinct constituents,  then  the  important  properties  which  con- 
tribute to  hardness  are  the  cohesion  between  the  particles  of 
each  constituent  among  themselves,  and  the  adhesion  between 
adjoining  particles  of  the  different  constituents  where  they  abut 
against  each  other.  Such  cohesion  and  adhesion  underly  the 
tensile  strength  and  elastic  limit.  Hence  the  use  of  hardness 
tests  in  place  of  tensile  tests.  So  we  ask  of  these  hardness 
tests  whether  they  really  do  report  truly  as  to  cohesioii  ancj 
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Mr.  Howe.  adhesioii.  We  can  very  readily  understand  that  when,  as  with 
the  Brinell  test,  you  push  into  the  material,  the  resistance  to  that 
push  must  be  very  closely  bound  up  with  this  cohesion  and 
adhesion.  In  the  case  of  the  scleroscope  you  do  not  find  any- 
thing of  the  kind;  the  cohesion  is  not  necessarily  related  to 
the  rebound.  It  may  be  or  it  may  not.  If  it  is,  very  convinc- 
ing evidence  of  that  fact  should  be  required. 

It  is  an  interesting  fact  that  the  first  published  results  that 
I  know  of — there  may  be  earlier  ones — of  the  test  by  the  Brinell 
as  against  the  Shore  instrument,  gave  results  which  were  almost 
parallel.  They  were  like  hysteresis  curves  of  the  same  family, 
and  almost  strictly  parallel  throughout.  This  is  encouraging, 
because  here  is  an  indication  that  both  of  these  different  tests 
give  harmonious  results,  which,  as  far  as  it  goes,  tends  to  show 
that  they  both  give  a  fair  measure  of  the  cohesion. 

The  things  to  bear  in  mind  in  all  of  these  hardness  tests 
is,  first,  that  there  is  a  great  need  for  them,  they  fulfill  a  great 
want;  second,  the  kind  of  tests  which  is  going  to  be  most 
valuable  will  differ  according  to  differing  conditions  of  use.  It 
remains  to  be  determined,  to  be  shown  by  actual  test,  actual 
empirical  test  in  the  present  state  of  our  knowledge,  which 
instrument  will  give  results  which  are  most  truly  indicative 
of  the  value  of  the  material  for  any  particular  purpose  in  mind. 
One  instrument  may  give  the  best  and  most  trustworthy  indi- 
cations of  the  fitness  of  the  material  for  the  rim  of  a  driving 
wheel.  Another  instrument  may  give  the  best  indication  as 
to  the  power  of  the  rail  itself  to  resist  abrasion;  and  so  on, 
for  fifty  different  conditions.  We  cannot  predict  which  instru- 
ment will  fit  all  of  these  conditions  and  will  give  the  most 
indicative  results,  results  which  will  indicate  most  conclusively, 
most  trustworthily,  the  relative  value  of  the  different  materials 
to  undergo  the  several  conditions  of  service. 

Th«  ciMiriD«n  TiiE   CiiAiRMAN. — Will   Mr.   Stoughton,  who  participated 

in  th6  joint  preparation  of  one  of  the  papers,  add  to  the  dis- 
cussion of  the  subject? 

Mf.  ttevfbtPB.  Mr.  Bradley  Stoughton. — Mr.  Chairman,  there  has  been 
so  much  said  on  this  subject  and  such  an  amount  of  data 
presented,  that  really  I  do  not  know  that  I  can  have  much  more 
to  add.    I  may  say  one  word  as  to  the  test  that  Mr.  Macgrcgor 
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and  myself  carried  on  in  regard  to  the  comparison  between  the  Mr.  stoughton. 
scleroscope  and  the  old  Turner  sclerometer,  which  is,  as  you 
remember,  a  diamond  point  drawn  across  the  surface.  In  our 
case  we  did  not  follow  out  the  original  Turner  method  of  drawing 
it  across  the  surface  and  back  to  determine  what  weight  would 
give  the  first  visible  scratch,  but  instead  drew  it  across  under 
a  constant  and  uniform  load  in  all  cases,  and  then  measured  the 
width  of  the  scratch  under  the  microscope.  We  carried  on  that 
same  series  of  tests  on  four  different  materials,  and  it  is  inter- 
esting to  know  that  the  reading  of  the  scleroscope  and  the  sclero- 
meter were  roughly  comparable  in  the  four  cases.  The  steel 
in  these  cases  varied  all  the  way  from  a  very  hard  specially  heat- 
treated  steel  to  a  soft  steel. 

Mr.  G.  L.  Fowler. — Mr.  Macgregor  spoke  of  some  abrasion  Mr.  Fowler, 
tests  that  he  made  in  connection  with  the  hardness  test.  I 
should  like  to  know  the  number  of  revolutions  and  whether 
he  runs  his  whetstones  wet,  or  dry;  also,  what  provisions  were 
taken  in  order  to  maintain  a  constant  temperature  of  the  metal 
to  be  abraded?  Those  are  a  few  points  that  have  a  very  impor- 
tant bearing  on  the  rate  of  abrasion. 

I  should  also  like  to  ask  whether  the  authors  make  any 
connection  between  the  power  of  a  metal  to  resist  abrasion, 
and  its  hardness? 

Mr.  J.  S.  Macgregor. — We  recognize  a  distinct  difference  Mr.  Macgregor. 
between  hardness  as  such  and  abrasion,   and  have  made  no 
attempts  to  correlate  the  two. 

In  answer  to  the  question  as  to  the  temperature  of  the 
specimens  under  abrasion,  the  tests  were  all  conducted  in  a 
room  at  fairly  constant  temperature,  and  the  stones  were  operated 
dry.  At  no  time  was  the  temperature  of  the  specimens  allowed 
to  rise  to  a  degree  sufficient  to  cause  over-heating. 

Mr.  R.  p.  Devries. — There  are  as  many  kinds  of  hardness  Mr.  Devries. 
as  there  are  different  kinds  of  stress  by  which  hardness  can  be 
determined.  The  hardness  tests  in  common  use  do  not  measure 
resistance  to  abrasion.  Although  manganese  steel  rails  show  great 
resistance  to  abrasion  this  property  is  not  determined  by  the 
Brinell  or  Shore  hardness  tests.  The  many  claims  made  for 
certain  forms  of  hardness  tests  have  brought  about  confusion 
in  this  respect. 


SPECIFICATIONS  AND   GRADING  RULES  FOR 
DOUGLAS   FIR  TIMBER:    AN  ANALYSIS   OF 
FOREST   SERVICE  TESTS   ON  STRUC- 
TURAL TIMBERS. 

By  McGarvey  Cline. 

This  discussion  of  the  tests  on  Douglas  fir  is  presented  to  the 
Societ}'  since  it  bears  more  or  less  directly  on  the  work  of  Committee 
D-7  on  Standard  Specifications  for  the  Grading  of  Structural 
Timber,  formerly  Committee  Q.  The  series  of  tests  upon  which 
it  is  based  is  more  completely  discussed  in  Forest  Service  Bulletin 
88,  which  will  be  available  for  distribution  some  time  during  the 
present  summer. 

A  complete  analysis  of  all  tests  on  structural  timbers  made  at 
the  laboratories  of  the  Forest  Service  is  nearing  completion  and 
will  doubtless  be  available  to  the  public  within  the  next  year.  In 
this  publication  the  general  problem  of  grading  structural  timber 
will  be  taken  up. 

Defects. 

The  defects  encountered  in  green  Douglas  fir  lumber  may  be 
classified  as  follows:  (i)  Pitch  seams  and  shakes;  (2)  cross  grain; 
(3)  knots. 

These  defects  are  practically  the  basis  of  all  grading  rules  and 
their  number  and  character  largely  determine  the  use  to  which 
the  product  of  the  sawmill  is  put.  Material  which  is  free  from  them 
is  usually  manufactured  into  finish,  flooring,  and  other  high-grade 
products  in  which  the  appearance  of  the  wood  is  of  prime  impor- 
tance. It  is  also  generally  believed  that,  aside  from  their  effect 
on  the  ai)pearance  of  the  wood,  these  defects  influence  greatly  Ihe 
strength  and  other  mechanical  properties  of  the  timber  in  which 
they  occur. 

A  special  series  of  tests  was  made  on  5  by  8-in.  car  sills  with 
a  15-ft.  span,  and  on  small  specimens  cut  from  the  uninjured  parts 
of  the  sills  after  they  were  tested.    Tests  on  the  smaller  specimens 
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were  for  the  purpose  of  studying  the  influence  of  such  elements  as 
rate  of  growth,  summer  wood,  etc.,  and  to  determine  the  quality 
of  the  clear  wood  in  each  of  the  car  sills  tested.  The  following 
discussion  of  the  influence  of  defects  on  the  strength  of  Douglas 
fir  is  based  largely  on  this  series  of  tests.  On  large  beams  of  this 
series  the  load  was  applied  at  the  third  point  and  a  careful  sketch 
was  made  of  the  beam  showing  the  number,  size,  and  location  of 
defects  and  the  manner  in  which  it  failed. 

1.  Pitch  Seams  and  Shakes. — The  pitch  seams  noted  in  the 
specimens  were  narrow,  although  in  some  cases  several  inches 
long.  The  seams  invariably  occurred  between  two  annual  rings, 
causing  only  a  slight  disturbance  in  the  grain  of  the  specimen. 
In  no  case  did  their  presence  have  any  apparent  effect  on  the 
results  of  the  tests.  It  is  reasonable  to  suppose,  however,  that 
large  pitch  pockets  or  pitch  seams  which  cause  a  decided  derange- 
ment in  the  grain  of  the  specimen  will  prove  detrimental  to  its 
strength.  Shakes  are  seldom  observed  in  green  Douglas  fir 
timbers,  partly  due  to  the  fact  that  they  seldom  become  evident 
until  the  wood  is  partially  seasoned.  The  presence  of  shakes  near 
the  neutral  axis  of  the  beam,  i.  e.,  about  midway  between  the  top 
and  bottom  faces,  may  seriously  influence  the  strength  of  the 
specimen  by  decreasing  its  resistance  to  horizontal  shear.  The 
fact  that  none  of  the  green  sills  failed  in  horizontal  shear  indicates 
the  absence  of  such  shakes  in  the  specimens  tested. 

2.  Cross  Grain. — Cross  grain  may  be  divided  into  two  general 
classes: 

(a)  Diagonal  Grain. — In  sawing  lumber  when  the  plane  of  the 
saw  is  not  approximately  parallel  to  the  axis  of  the  log,  the  grain 
of  the  lumber  cut  is  not  parallel  to  its  edges;  in  such  cases  the  grain 
is  termed  diagonal. 

(b)  Spiral  Grain. — In  Douglas  fir,  as  well  as  in  other  species, 
the  fibers  composing  each  year's  growth  are  in  some  trees  arranged 
spirally  instead  of  vertically.  The  reason  for  this  is  not  definitely 
known.  The  danger  of  spiral  grain  as  a  defect  depends  largely 
on  what  might  be  termed  the  pitch  of  the  spiral.  Its  presence  is 
not  generally  noticeable  from  a  casual  inspection  of  the  piece,  since 
it  does  not  show  in  what  is  commonly  spoken  of  as  the  visible 
"grain"  of  the  wood,  because  the  prominent  "grain"  in  soft-wood 
lumber  is  in  reality  a  sectional  view  of  the  annual  rings  cut  longi- 
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tudinally,  and  since  the  annual  rings  are  not  distorted  by  spiral 
grain,  the  appearance  is  not  changed  thereby.  A  careful  inspec- 
tion, however,  of  the  medullary  rays,  particularly  on  the  tangential 
or  bastard  section,  will  invariably  reveal  spiral  grain,  since  the 
rays  necessarily  incline  with  the  spiral  direction  of  the  fibers  around 
the  trunk.  Spiral  grain  may  readily  be  determined  also  by  split- 
ting a  small  piece  radially. 

Knots  frequently  cause  a  considerable  disturbance  of  the  grain, 
and  such  disturbances  are  also  called  cross  grain.  They  seriously 
affect  the  strength  of  a  beam  when  they  occur  so  near  the  edge  as 
to  interrupt  the  continuit}'  of  the  grain  on  the  edge.  All  forms 
of  cross  grains  may  be  regarded  as  serious  defects.  Of  the  85 
car  sills  composing  this  special  series  of  tests  23  showed  cross 
grain,  and  in  1 2  cases  the  failure  was  due  to  cross  grain.  In  the 
other  II  cases  the  full  compressive  strength  of  the  wood  was 
developed,  i.  e.,  the  beam  first  failed  in  compression  before  the 
final  failure  due  to  cross  grain  occurred.  It  was  observed  that 
beams  showing  cross  grain  to  a  marked  extent  were  almost  invari- 
ably weak. 

3.  Knots. — ^The  effect  of  knots  on  the  strength  of  timber  is 
largely  dependent  on  their  position,  size,  and  number,  and  on  the 
condition  of  the  wood  around  them.  These  elements  are  so 
intimately  associated  with  each  other  and  occur  in  such  infinite 
numbers  and  combinations,  that  it  has  been  impossible  to  make 
specific  deductions  regarding  the  relative  effect  of  different  kinds 
and  sizes  of  knots,  but  a  study  of  theu:  general  relation  to  the  results 
of  the  tests  and  to  the  failures  warrants  certain  deductions  that  may 
prove  of  help  in  framing  grading  rules  and  specifications. 

(a)  Effect  on  Shearing  Strength  and  Strength  in  Compression 
at  Right  Angles  to  Grain. — The  effect  of  knots  on  the  shearing 
strength  of  wood  was  not  investigated  directly.  The  tests  on  air- 
dried  beams,  however,  in  which  pieces  very  frequently  failed  in 
horizontal  shear,  indicate  that  knots  do  not  decrease  the  shearing 
strength  of  the  wood  but  rather  tend  to  increase  it  by  acting  as 
pins,  thus  preventing  the  sliding  of  one  surface  over  the  other. 
They  also  have  practically  no  infiuence  in  decreasmg  the  strength 
in  compression  at  right  angles  to  the  grain. 

(b)  Effect  on  Strength  in  Compression  Parallel  to  Grain. — 
Table  I  shows  the  effect  of  different  classes  of  knots  on  the  strength 
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in  compression  parallel  to  the  grain.  In  this  table  the  strength  of 
compression  blocks  containing  knots  from  |^  in.  to  i  J  ins.  in  diam- 
eter and  of  blocks  containing  knots  over  i^  ins.  in  diameter,  is 
compared  with  the  strength  of  clear  specimens.  This  comparison 
indicates  that  the  presence  of  knots  appreciably  decreases  the 
strength  of  Douglas  fir  in  compression  parallel  to  the  grain,  the 
decrease  being  approximately  20  per  cent,  in  the  case  of  knots 
greater  than  i  J  ins.,  and  5  per  cent,  in  the  case  of  knots  less  than 
^  in.  in  diameter, 

Table  I. — Douglas  Fir,  Green  Material  with  Defects. 
Average  values.     Compression  parallel  to  grain.     Size,  6x6x18  ins. 
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2,707,000 

1 ,321 ,000 

623,000 

2,681,000 

1,401,000 

642,000 
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940,000 
472,000 


(c)  Effect  on  Beams. — Efiforts  to  determine  the  influence  of 
knots  on  the  strength  of  beams  are  attended  with  considerable 
difficulty  due  to  the  complicated  distribution  of  stresses.  Fig.  i 
shows  the  modulus  of  rupture,  fiber  stress  at  elastic  limit,  and 
modulus  of  elasticity  for  each  of  the  green  car  sills  tested.  The 
average  modulus  of  rupture  and  modulus  of  elasticity,  as  well  as 
the  crushing  strength,  secured  from  the  tests  on  small,  clear  beams, 
2  by  2  by  30  ins.,  and  compression  specimens  2  by  2  by  8  ins.,  cut 
from  each  of  the  car  sills,  are  also  shown.  The  following  explana- 
tion will  assist  in  interpreting  the  diagram : 

I,  The  tests  are  arranged  in  the  diagram  from  left  to  right  in 
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order  of  the  breaking  strength,  or  modulus  of  rupture,  of  the  car 
sills,  and  all  the  other  results  secured  from  each  car  sill  are  shown 
on  the  same  vertical  line  with  its  modulus  of  rupture. 

2.  The  Arabic  numerals  along  the  horizontal  axis  are  for 
reference  only. 

3.  The  Arabic  numerals  and  letters  at  the  points  indicating 
the  modulus  of  rupture  for  each  car  sill  indicate  the  classification 
of  the  car  sills  with  respect  to  the  defects  they  contain.  The 
scheme  of  classification  used  is  as  follows,  each  beam  being  divided 
into  the  volumes  indicated  by  Fig.  2: 

Class  I.  Clear. 

Class  2  (a).  Containing  knots  in  Volume  3  only,  all  knots 

being  less  than  i  J  ins.  in  diameter. 

(b).  The  same  as  Class  2a  except  that  some  of  the 

knots  are  i  ^  ins.  or  greater  in  diameter. 
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Class  J  (a).  Knots  less  than  ij  ins.  in  diameter  in  Volumes 
2  and  3  only,  Volume  i  being  clear. 

(b).  The  same  as  Class  3a  except  that  some  of  the 
knots  in  Volumes  2  and  3  are  i  J  ins.  or  over  in  diameter. 
Class  /f.  (a).  Scattered  knots  in  all  volumes,  those  in  Volumes 
I  and  2  being  less  than  1 1  ins.  in  diameter. 

(b).  The  same  as  Class  4a  except  that  some  of  the 
knots  in  Volumes  i  and  2  are  i  J  ins.  or  greater  in  diam- 
eter. 

While  the  above  classification  is  based,  in  a  general  way,  on 
the  size  and  location  of  the  knots  it  also  indicates  fairly  well  the 
total  number  of  knots  occurring  in  the  different  specimens;  i.e., 
in  general,  timbers  in  Classes  3  and  4  contain  more  knots  than  those 
in  Class  2, 
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The  attention  of  the  reader  is  called  to  the  following  points: 

1 .  That  the  moduli  of  elasticity  for  the  large  beams  and  the 
small  clear  beams  cut  from  them  are  approximately  equal.  This 
would  seem  to  indicate  that  the  modulus  of  elasticity  is  not 
influenced  by  the  presence  of  defects  in  the  large  specimens.  In 
other  words,  knots  do  not  affect  the  stiffness  of  Douglas  fir 
timbers,  this  factor  apparently  being  dependent  almost  entirely 
upon  the  quality  of  the  clear  wood. 

2.  That  the  fiber  stress  at  the  elastic  limit  for  large  beams  does 
not  vary  with  their  modulus  of  rupture,  but  is,  with  very  few 
exceptions,  practically  equal  to  the  crushing  strength  of  the  small 
clear  specimens.  This  is  an  extremely  significant  fact  because  it 
indicates  that  the  elastic  limit  of  Douglas  fir  beams  is  not  greatly 
affected  by  the  presence  of  knots.  It  will  be  noticed,  however, 
that  in  the  car  sills  having  a  low  modulus  of  rupture,  in  general  the 
elastic  limit  falls  below  the  crushing  strength  of  the  clear  wood, 
while  in  the  sills  having  a  relatively  high  modulus  of  rupture  the 
fiber  stress  at  the  elastic  limit  frequently  exceeds  the  crushing 
strength  of  small  clear  specimens.  This  would  apparently  indicate 
that  the  elastic  limit  is  slightly  influenced  by  the  presence  of 
defects. 

3.  By  comparing  the  modulus  of  rupture  for  large  beams  with 
the  modulus  of  rupture  and  crushing  strength  of  the  small  clear 
specimens,  it  will  be  seen  that  in  Class  i  the  modulus  of  rupture  is 
considerably  higher  than  the  crushing  strength  of  the  clear  wood, 
falling  aj)j)roximately  midway  between  this  function  and  the 
modulus  of  rupture  for  small  beams.  As  the  number  and  serious- 
ness of  the  defects  in  the  large  beams  increase,  it  will  be  observed 
that  the  modulus  of  rupture  aj)proaches  in  value  the  crushing 
strength  of  the  clear  wood  and  the  elastic  limit  of  the  beam.  In 
the  low-grade  material  there  is  verj^  little  difference  between  the 
modulus  of  rupture  of  large  beams  and  their  elastic  limit,  and  the 
crushing  strength  of  the  clear  wood.  It  will  also  be  observed  that, 
as  the  mcxlulus  of  ruj)lure  of  the  large  beams  upi)roachcs  in  value 
the  crushing  strength  of  the  clear  wood,  the  difference  between  it 
and  the  modulus  of  rupture  of  the  small  clear  beams  increases. 
These  relations  aj)parenlly  indicate  that  the  j)rcscnce  of  knots 
influence  most  the  breaking  strength  of  the  beams  in  which  they 
occur. 
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4.  The  beams  in  Class  4  have  knots  within  their  middle  half 
on  the  bottom  face  or  within  two  inches  of  the  bottom  edges.  It 
will  be  noticed  that  in  the  lower  class  of  large  beams  the  modulus 
of  rupture  is  relatively  much  closer  to  the  elastic  limit  of  the  beam 
and  to  the  crushing  strength  of  the  clear  wood.  In  Class  4b,  beams 
containing  large  knots  on  the  tension  face,  this  tendency  is  most 
marked. 

5.  It  will  be  observed  that  in  Class  i  the  modulus  of  rupture 
is  almost  50  per  cent,  greater  than  the  fiber  stress  at  the  elastic 
limit  and  the  crushing  strength;  this  fact,  in  conjunction  with  the 
one  just  stated,  would  seem  to  indicate  that  the  principal  effect  of 
knots  upon  timber  beams  is  to  decrease  the  energy  required  to 
break  the  beam  after  the  elastic  limit  is  reached.  The  ability  to 
resist  rupture  after  the  elastic  limit  is  passed  indicates  toughness. 

Large  knots  and  knots  in  great  number  are  associated  with 
and  indicative  of  poor  wood.  Fig.  i  shows  a  gradual  decrease  in 
the  modulus  of  rupture  of  small  clear  beams  and  in  the  crushing 
strength  of  clear  specimens  cut  from  the  lower-grade  timbers 
containing  such  knots.  As  the  quality  of  the  wood  fiber  thus 
decreases,  a  general  dropping  ofif  in  the  compressive  strength  and 
the  fiber  stress  at  the  elastic  limit  is  observed.  It  is  noticeable 
that  even  in  the  beams  having  a  very  low  modulus  of  rupture,  when 
the  tests  on  small  clear  specimens  indicate  a  good  quality  of  fiber, 
the  elastic  limit  of  the  beam  and  its  modulus  of  elasticity  are  almost 
invariably  higher  than  they  are  in  beams  having  approximately 
the  same  breaking  strength  but  in  which  the  quality  of  the  wood 
fiber  is  poor. 

Table  II  summarizes  the  results  of  tests  according  to  the  classes 
indicated  on  Fig.  2.  It  also  gives  the  maximum  and  minimum 
values  for  each  class.  This  table  emphasizes  the  following 
points: 

1.  The  average  properties  of  Class  i,  or  clear  beams,  are 
considerably  higher  than  the  average  for  the  other  classes  contain- 
ing defects  more  or  less  serious  in  character.  The  range  indicated 
by  the  maximum  and  minimum  values,  however,  is  practically  as 
great  in  clear  material  as  it  is  in  material  containing  defects,  and 
clear  material  is  sometimes  weaker  than  material  containing 
knots. 

2.  It  will  be  noticed  that  in  each  of  the  other  classes  the 
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average  values  for  the  (a)  group  are  considerably  higher  than  the 
average  of  the  (b)  group,  indicating  that  in  general  the  size  of  a 
knot  is  significant  in  determining  its  influence  upon  the  strength 
of  the  timber  in  which  it  occurs. 

3.  Class  3,  group  for  group,  is  slightly  superior  to  Class  2. 
It  appears,  therefore,  that  knots  in  Volume  2  are  at  least  no  more 


Table  II. — Douglas  Fir  Car  Sills,  Classified  According  to  Size 
AND  Position  of  Knots. 

Green  material.     Size,  5  x  8  x  180  ins. 


Grade 


Lbs.  per  '^ 
Cu.  Ft. 


(Maximum 
Average . . 
Minimum  . 

{Maximum 
Average  . . 
Minimum  . 

r  Maximum. 

Claaa  2b |  Average . . . 

[  Minimum. . 

(Maximum  . 
Average. . . 
Blinimum. . 


{Maximum . 
Average.... 
Minimum .. 

{Maximum., 
Average. . . . 
Minimum . . 

r  Maximum. . 

Qam  4ft {  Average. . . . 

I  Minimum.. 


16 


27.0 
10.1 
5.9 

13.9 
9.2 
6.9 

15.0 
9.4 
4 

21.2 
15.2 


22.2 
10.1 
4.3 

13.0 
8.0 
4.7 

16.6 
8.2 
3.6 


33.1  45.9 
30.239.7 
28.7  32.8 


30.5 
29.5 
28.5 

38.2 
30.0 
25.4 

33.8 
30.1 
27.0 

32.8 
29.4 
25.7 

44.0 
31.9 
25.0 

40.1 
29.9 
27.2 


40.5 
37.2 
34.8 

41.7 
30.6 
32.0 

42.5 
37. 7 
35.3 

39.1 
30.2 
33.9 

38.1 
34.7 
30.4 

39.0 
36.0 
31.1 


35.5 
30.5 

25.4 

31.0 
28.8 
27.0 

32.1 
28.2 
24.7 

33.3 
29.0 

27.4 

30.3 
28.0 
25.9 

29.3 
20.4 
22.0 


5,350  7,840 
4,588  0,580 
3,060    4,810 


4,500 
3,898 
3,400 

4,870 
3,484 
2,300 

6,370 
4,151 
3,090 

5,090 
3,68i 
2,550 

4,480 
3,398 
2,250 


30.0  4,020 
27.0  3,000 
23.8   2,000 


5,640 
5,370 
5,010 

6,0(10 
4,905 
3,270 

0,810 
5,833 
4,840 

0,800 
6,151 
3,800 


2,220,000 
1,740,000 
1,124,000 

1,795,000 
1,019,000 
1,538,000 

1 ,923 ,000 
1,520,000 
1,124,000 

1,841,000 
1,702,000 
1,547,000 

1,855,000 
1,450,000 
1,230,000 


5,030  1,805,000 

4.785  1,502.000 

3,000  1,155,000 

5.080  1,053.000 

4,101  1,380,000 

3,090  1,111,000 


serious  than  knots  in  Volume  3.  (Similar  analyses  made,  however, 
on  tested  loblolly  pine  show  that  knots  on  the  compression  face 
decrease  the  strength  slightly  more  than  knots  in  Volume  3.) 

4.  Class  4,  group  for  group,  is  considerably  weaker  than  the 
other  classes,  indicating  decidedly  that  knots  in  Volume  i  are  con- 
fiderably  more  serious  than  knots  in  other  parts  of  the  beam. 
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Failure. 

The  manner  in  which  the  test  specimens  fail  is  also  indicative 
of  the  relative  seriousness  of  different  defects.  The  four  types 
of  failures  observed  in  the  special  series  of  tests  on  green  car  sills 
are  as  follows: 

1.  Compression. — This  failure  consists  of  the  buckling  of  the 
fibers  in  the  upper  half  of  the  beam.  It  usually  begins  to  form  on 
the  top  shortly  after  the  elastic  limit  is  passed  and  as  it  develops 
extends  downward  in  the  piece,  sometimes  almost  reaching  the 
middle  of  the  cross  section  before  complete  failure  occurs. 
Frequently  two  or  more  compression  failures  develop  almost 
simultaneously. 

2.  Cross-Grain  Tension. — Wood  is  comparatively  weak  in 
tension  at  right  angles  to  the  grain.  This  is  especially  true  of 
straight-grained  woods  that  split  readily,  such  as  Douglas  fir. 
When  the  beam  has  a  diagonal  or  a  spiral  grain  the  internal 
stresses  develop  a  tensile  force  which  acts  approximately  at  right 
angles  to  the  grain.  This  condition  almost  invariably  results  in 
what  is  termed  a  failure  in  cross-grain  tension. 

3.  Tension  Failure. — When  the  fibers  on  the  bottom  side  of  the 
beam  are  torn  apart  in  a  manner  similar  to  that  in  which  the 
fibers  in  a  string  are  torn  apart  when  it  is  broken,  the  failure  is 
called  a  tension  failure. 

4.  Horizontal  Shear. — Sometimes  the  beam  under  load  splits, 
the  split  extending  from  the  end  of  the  beam  to  the  middle,  and  in 
some  cases  from  both  the  ends.  This  is  called  a  failure  in  hori- 
zontal shear.  Such  failures,  it  will  be  shown  later,  are  compara- 
tively common  in  air-dried  material  and  in  green  timber  where  the 
ratio  of  the  height  of  the  beam  to  the  length  of  span  is  relatively 
large.  None  of  them  were  observed  in  the  tests  on  green  car 
sills. 

Of  the  85  car  sills  tested  in  the  special  series  of  tests  upon 
which  this  discussion  is  based,  68  cases  or  80  per  cent,  failed  in 
compression  first.  In  51  of  the  cases  the  compression  failure  was 
apparently  influenced  by  a  knot  on  the  compression  face  or  on  the 
side  near  the  compression  face.  It  would  seem,  however,  from 
the  results  shown  in  Table  I  that  the  presence  of  knots  does  not 
greatly  decrease  the  crushing  strength  of  Douglas  fir.    In  45  of  the 
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68  cases  the  final  failure  was  in  tension,  usually  due  to  a  knot  or 
cross  grain.  In  8  of  the  68  cases  the  final  failure  was  in  tension 
and  apparently  not  influenced  by  defects.  The  remaining  1 5  out 
of  the  68  failed  entirely  in  compression ;  these  pieces  were  entirely 
clear  in  the  lower  half.  The  pieces  that  did  not  fail  in  compres- 
sion first  had,  with  two  exceptions,  either  cross  grains  or  large 
knots  on  the  tension  face. 

This  summar}'  of  the  failures  apparently  indicates  that  the 
tensile  strength  of  Douglas  fir  is  much  greater  than  its  compressive 
strength  parallel  to  the  grain.  On  this  account,  unless  there  are 
unusually  serious  defects  on  the  tension  side  of  the  beam,  the  full 
compressive  strength  of  the  wood  will  be  developed  before  failure 
occurs.  The  fact  that  in  so  many  cases,  51  out  of  68,  the  first 
failure  in  compression  was  apparently  influenced  by  a  defect, 
indicates  that  knots  in  the  compression  half  of  the  beam  lessen 
to  a  certain  extent  the  ultimate  strength  of  the  timber.  The 
elastic  limit,  however,  is  not  greatly  affected  by  such  knots.  It  is 
shown  in  Table  I  that  the  elastic  limit  in  compression  is  decreased 
approximately  5  per  cent,  by  the  presence  of  knots  i|  ins.  or  less 
in  diameter,  while  it  is  decreased  approximately  13  per  cent,  by 
knots  greater  than  ij  ins. 

In  the  green  bridge  stringers  tested,  compression  failure  was 
also  the  most  common.  One  hundred  and  seventy-five  such 
stringers  were  tested,  and  were  divided  according  to  their  modulus 
of  rupture  into  three  classes.  Seventy-one  of  the  stringers  developed 
a  modulus  of  rupture  of  over  6,500  lbs.  per  sq.  in.;  70  of  these 
failed  first  in  compression.  Seventy  developed  a  modulus  of  rup- 
ture between  5,000  and  6,500  lbs.  per  sq.  in.;  64  of  this  group 
failed  first  in  comj)rcssion.  Thirty-four  stringers  developed  a 
modulus  of  rupture  of  less  than  5,000  lbs.  per  sq.  in.;  14  of  this 
group  failed  first  in  comj)ression. 

In  the  tests  that  did  not  fail  first  in  compression,  as  in  the  tests 
on  green  car  sills,  the  first  failure  was  in  tension  or  cross-grain 
tension,  due  res|)ectivcly  to  large  knots  on  the  tension  face  and 
to  a  sj)iral  or  diagonal  grain,  or  in  horizontal  shear.  Out  of  the 
175  green  stringers  tested,  3  failed  first  in  horizontal  shear  and  31 
had  sccondan'  failures  in  horizontal  shear,  but  in  such  cases  the 
shearing  failure  did  not  occur  until  the  primary  failure  had 
devcloiKid  to  a  considerable  extent. 
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Grading  Rules  and  Specifications. 

Grading  rules  and  specifications  for  structural  timbers  are 
primarily  for  the  purpose  of  classifying  them  on  the  basis  of 
strength  and  durability,  and  only  recently  have  engineers  given 
any  serious  consideration  to  the  subject.  A  few  years  ago  it  was 
possible  to  secure  the  highest  grade  material  at  a  very  moderate  cost 
and  we  find  early  specifications  almost  invariably  calling  for  ma- 
terial free  from  such  defects  as  might  even  be  suspected  of  impair- 
ing its  strength  and  durability. 

With  the  increased  consumption  of  lumber  and  the  rapid 
depletion  of  the  supply  of  high-grade  material  available  for  struc- 
tural purposes,  the  user  of  structural  timber  has  been  forced  to 
modify  specifications  and  to  accept  material  which  a  few  years  ago 
would  have  been  rejected.  It  is  reasonable  to  suppose  that  further 
modification  will  have  to  be  made  with  changing  conditions  of 
supply  and  demand. 

Almost  without  exception  structural  timber  is  graded  in  a 
green  condition.  On  this  account  the  following  comparison  of 
different  grading  rules  and  specifications  for  Douglas  fir  is  based 
on  data  secured  from  tests  on  green  materials;  they  are  typical 
of  those  now  in  use  for  structural  sizes.  The  comparison  is  of 
interest  in  that  it  indicates  along  what  lines  specifications  and  grad- 
ing rules  can  be  modified  to  the  best  advantage. 

Specification  A:  Used  by  one  of  the  leading  transcontinental 
railway  systems: 

"All  timber  rnust  be  of  the  best  description  of  the  kind 
required.  It  must  be  sawed  square  and  to  proper  dimen- 
sions. It  must  be  free  from  all  loose,  large,  or  unsound 
knots,  sap,  sun  cracks,  shakes,  wanes,  or  other  imper- 
fections or  defects  which  would  impair  its  strength  or 
durability." 

Specification  B:  Used  by  one  of  the  leading  railway  systems 
operating  east  of  the  Mississippi  River: 

"Fir  stringers,  bridge  ties  and  plank  must  be  from  good, 
sound,  live,  straight  and  close-grained  Douglas  fir, 
sawed  square  edge  and  true  to  dimensions  ordered, 
free  from  splits,  shakes,  loose,  rotten,  or  grouped  knots 
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and  other  defects.  Sound  knots  2  ins.  in  diameter  or  less 
will  be  permitted  if  not  less  than  4  ins.  from  the  center 
of  the  knot  to  any  edge.  Ninety  per  cent,  of  the  stringers 
and  ties  must  be  free  from  sap ;  10  per  cent,  may  have 
sap  not  in  excess  of  2  ins.  on  each  of  the  two  edges  only." 

Specification  C:  Isthmian  Canal  Commission: 

"  Stringers  of  Douglas  fir  shall  show  not  less  than  85  per  cent, 
heart  on  any  face  and  not  less  than  70  per  cent,  on  any 
edge ;  it  shall  show  not  less  than  an  average  of  1 2  annual 
rings  to  the  inch.  Sound  knots  less  than  3  ins.  in  diam- 
eter shall  be  permitted  in  the  vertical  faces  of  the  striager 
at  points  not  less  than  one- fourth  the  depth  from  the 
edge  of  the  piece." 

Specification  D:  Export  Grading  Rules  of  the  Pacific  Coast 
Limiber  Manufacturers'  Association;  adopted  1903.* 

"Selects:  Shall  be  sound,  strong  lumber,  good  grain,  well 
sawed.  Will  allow  in  sizes  6  by  6  ins.  and  less,  knots 
not  to  exceed  i  in.  in  diameter;  sap  on  corner  one-fourth 
the  width  and  one-fourth  the  thickness;  small  pitch 
seams  when  not  exceeding  6  ins.  in  length.  In  sizes  over 
6  by  6  ins.,  knots  not  to  exceed  2  ins.  in  diameter,  vary- 
ing according  to  the  size  of  the  piece ;  sap  on  comer  not 
to  exceed  2  ins.  on  both  face  and  edge ;  pitch  seams  not 
to  exceed  6  ins.  in  length.  Defects  in  all  cases  to  be  con- 
sidered in  connection  with  the  size  of  the  piece  and  its 
general  quality. 

"Merchantable:  This  grade  shall  consist  of  sound,  strong 
lumber,  free  from  shakes,  large,  loose  or  rotten  knots,  and 
defects  that  materially  impair  its  strength;  well  manu- 
factured and  suital)lc  for  good  substantial  constructional 
purj)oses.  Will  allow  occasional  variations  in  sawing  or 
occasional  scant  thicknesses,  sound  knots,  pitch  scams, 
/  and  sa[)  in  corners,  one-third  the  width  and  one-half  the 
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thickness.  Defects  in  all  cases  to  be  considered  in  con- 
nection with  the  size  of  the  piece  and  its  general  quality. 
"Seconds:  This  grade  shall  consist  of  lumber  having  defects 
which  exclude  it  from  grading  as  Merchantable.  Will 
allow  knots  and  defects  which  render  it  unfit  for  good 
substantial  constructional  purposes,  but  suitable  for  an 
inferior  class  of  work." 

Specification  E:  This  specification  was  first  compiled  by 
Committee  D-7  (formerly  Committee  Q)  of  the  American  Society 
for  Testing  Materials,  and  with  the  exception  of  the  requirement 
for  Douglas  fir  stringers  in  Section  4  below,  was  adopted  by  that 
Society.  (The  requirement  for  Douglas  fir  timber  is  contained  in 
the  Proposed  Standard  Specifications  for  Douglas  Fir  and  Western 
Hemlock  Bridge  and  Trestle  Timbers  submitted  to  the  Society  in 
June,  1910,*  which  have  not  as  yet  been  adopted  by  the  Society). 
With  minor  modifications  this  specification  was  adopted  by  the 
American  Railway  Engineering  Association  as  its  standard  specifica- 
tion for  bridge  and  trestle  timbers.  It  has  also  been  adopted  by 
the  Yellow  Pine  Manufacturers'  Association  as  a  basis  for  grading 
yellow-pine  bridge  and  trestle  timbers.  The  specification  is 
printed  in  the  form  adopted  by  the  American  Railway  Engineering 
Association. 

STANDARD    SPECIFICATIONS    FOR    BRIDGE    AND    TRESTLE    TIMBERS. 

(To  be  applied  to  solid  members  and  not  to  composite  mem- 
bers.) 

1.  ''General  Requirements. — Except  as  noted,  all  timber  shall 

be  cut  from  sound  trees,  true  and  straight,  and  sawed 
standard  size;  shall  be  square-edged,  close-grained,  solid 
and  out  of  wind;  free  from  defects  such  as  injurious  ring 
shakes  and  crooked  grain,  unsound  or  loose  knots,  knots 
in  groups,  decay,  large  pitch  pockets,  or  other  defects 
that  will  materially  impair  its  strength. 

2.  "Standard  Size  of  Sawed  Timber. — Rough  timbers  sawed 

to  standard  size  means  that  they  will  not  be  over  \  in. 
scant  from  the  actual  size  specified.  For  instance,  a  1 2  by 
i2-in.  timber  shall  measure  not  less  than  iif  by  iif  ins. 

*  Proceedings,  Vol.  X,  191°,  p.  155. 
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3.  "Standard  Dressing  of  Sawed  Timber. — Standard  dressing 

means  that  not  more  than  \  in.  shall  be  allowed  for 
dressing  each  surface.  For  instance,  a  12  by  12-in. 
timber  after  being  dressed  on  four  sides  shall  measure 
.not  less  than  11^  by  ii^  ins." 

No.  I  R.  R.  Grade.     Longleaf  Yellow  Pine  and  Douglas  Fir. 

4.  ''Stringers. — Longleaf  pine  shall  show  not  less  than  85  per 

cent,  heart  on  the  girth  anywhere  in  the  length  of  the 
piece;  provided,  however,  that  if  the  maximum  amount 
of  sap  is  shown  on  either  narrow  face  of  the  stringer,  the 
average  depth  of  sap  shall  not  exceed  ^  in.  Douglas 
fir  shall  show  not  less  than  90  per  cent,  heart  as  meas- 
ured above.  Knots  greater  than  i\  ins.  in  diameter  will 
not  be  permitted  at  any  section  within  4  ins.  of  the  edge 
of  the  piece." 

No.  2  R.  R.  Grade.     Longleaf  and  Shortleaf  Yellow  Pine, 
Douglas  Fir,  and  Western  Hemlock. 

10.  ''Stringers. — Shall  be  square-edged,  except  that  they  may 
have  I  in.  wane  on  one  comer.  Knots  shall  not  exceed 
in  their  largest  diameter  one-fourth  the  width  of  the  face 
of  the  stick  in  which  they  occur,  and  shall  in  no  case  ex- 
ceed 4  ins.  Ring  shakes  shall  not  extend  over  one-eighth 
of  the  length  of  the  piece." 

Discussion  of  Specifications. 

In  addition  to  the  general  statements  such  as  "strong,  good 
timber,"  etc.,  we  find  in  the  various  specifications  quoted  state- 
ments dealing  specifically  with: 

(i)  Quantity  of  sapwood  permitted;  (2)  sawing;  (3)  grain; 
(4)  knots,  size,  po.sition  and  number;  (5)  checks,  shakes,  and 
j)itch  pockets. 

The  relation  of  most  of  these  elements  to  the  mechanical  prop- 
erties of  the  timbers  tested  have  been  discussed  in  another  jxirt  of 
this  bulletin,  but  a  brief  recapitulation  of  the  facts  brought  out 
will  assist  in  the  critical  examination  of  the  quoted  si)ccifications. 

I.  Sapwood. — The   sa])wood   specifications   are   inserted    to 
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secure  material  having  the  desired  durabihty.  They  are  readily 
complied  with  in  Douglas  fir  since  the  trees  have  a  comparatively 
small  amount  of  sapwood  and  practically  all  structural  timbers 
are  cut  from  that  portion  of  the  tree  nearest  the  heart. 

2.  Sawing. — Attention  has  been  called  to  the  effect  of  diagonal 
and  cross  grains  upon  the  strength  of  structural  timbers.  Diagonal 
grain,  due  to  the  sawing,  is  a  serious  defect  and  there  is  ample 
justification  for  guarding  against  it  in  specifications  and  grading 
rules.  The  results  of  the  tests  indicate  that  a  slant  in  the  grain 
as  great  as  i  in.  in  45  ins.  can  be  permitted  without  seriously  affect- 
ing the  strength  of  the  timber,  but  if  the  diagonal  grain  is  much 
more  pronounced  than  this,  the  timber  if  heavily  loaded  may  fail 
suddenly  in  cross-grain  tension  some  time  before  the  compressive 
strength  of  the  wood  is  developed. 

3.  Grain. — The  specifications  regarding  grain  are  of  two 
general  characters:  those  dealing  with  the  straightness  of  the  grain, 
and  those  dealing  with  the  rate  of  growth,  indicated  by  the  number 
of  rings  per  inch.  Any  waving  or  crossing  of  the  grain,  such  as  is 
frequently  caused  by  knots,  may  prove  a  serious  defect  if  the  dis- 
turbance breaks  the  continuity  of  the  grain  near  the  edges  of  the 
timber.  When,  however,  the  continuity  of  the  grain  within  an 
inch  or  two  of  the  edges  is  not  disturbed,  wavy  or  cross  grain  has 
little  significance  as  a  defect  in  structural  timber. 

The  average  rate  of  growth  is  also  of  little  importance  in 
grading  structural  timbers,  no  apparent  relation  existing  between 
it  and  the  mechanical  properties  of  the  timber. 

4.  Knots. — The  effect  of  knots  on  the  strength  of  Douglas  fir 
in  structural  sizes  was  discussed.  It  was  shown  that  the  significant 
factors  with  respect  to  knots  are  their  size,  position,  and  the  con- 
dition of  the  wood  around  them.  In  a  general  way,  the  results  of 
the  tests  also  show  that  a  large  number  of  knots  is  almost  invariably 
indicative  of  a  poor  quality  of  wood. 

5.  Checks,  Shakes,  etc. — Checks  and  shakes  are  only  occasion- 
ally encountered  in  green  Douglas  fir;  checks,  however,  almost 
invariably  develop  as  the  timber  seasons.  Except  in  sticks  of  the 
lowest  grade  the  development  of  checks  does  not  reduce  the  sti'ength 
of  the  timber  below  that  in  a  green  condition,  since  the  increase 
in  the  strength  of  the  wood  due  to  seasoning  more  than  offsets  the 
weakening  effect  of  the  checks.    Under  certain  conditions,  the 
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presence  of  checks  tends  to  decrease  the  durability  of  the  wood  by 
making  it  more  vulnerable  to  the  attack  of  insects  and  wood- 
destroying  organisms.  Especially  is  this  true  of  treated  timber 
where  the  checks  extend  through  that  portion  of  the  wood  v/hich 
is  impregnated  with  the  preservative. 

To  determine  the  effectiveness  of  the  different  grading  rules 
and  specifications  quoted,  an  attempt  was  made  to  apply  them  to 
the  175  green  bridge  stringers  tested.  The  results  of  this  analysis 
will  be  discussed  under  the  designations  given  to  the  different 
specifications. 

Specification  A. — The  wording  of  this  specification  is  so  gen- 
eral that  it  practically  leaves  the  whole  question  of  grading  to  the 
judgment  of  the  inspector.  With  a  high-grade  inspector  such 
specifications  frequently  give  very  satisfactory  results,  both  to 
the  purchaser  and  to  the  selling  party.  Results  secured  from 
its  application,  however,  will  vary  with  the  judgment  of  the  inspector, 
and  on  this  account  the  use  of  such  specifications  is  frequently  the 
cause  of  more  or  less  serious  misunderstanding  between  the  parties 
concerned.  It  was  thought  impracticable  to  use  this  specification 
in  grading  the  material  tested.  It  is  cited  merely  as  being  typical 
of  a  class  of  specifications  in  use. 

Specification  B. — This  specification  does  not  allow  knots  more 
than  2  ins.  in  diameter  and  no  knots  at  all  are  permitted  unless 
the  center  of  the  knot  is  at  least  4  ins.  from  the  edge. 

Only  19  of  the  175  stringers  tested  passed  this  knot  specifica- 
tion, indicating  that  it  is  by  all  means  too  severe. 

The  average  fiber  stress  at  the  elastic  limit,  modulus  of  rup- 
ture, and  modulus  of  elasticity  of  the  stringers  passing  this  speci- 
fication were,  respectively,  4,887,  7,414,  and  1,728,000  lbs.  ])cr  sq. 
in.  The  maximum  values  of  these  functions  were  respectively, 
5,850,  8,890,  1,945,000,  while  the  minimum  values  were,  respec- 
tively, 4,100,  6,440,  and  1,523,000. 

Specification  C. — The  pertinent  provisions  of  this  specifica- 
tion are:  first,  that  the  average  rate  of  growth  shall  not  be  less  than 
12  rings  per  inch;  second,  knots  greater  than  3  ins.  in  diameter 
are  not  allowed;  and  third,  knots  less  than  3  ins.  in  diameter  arc 
permitted  on  the  vertical  faces  at  points  not  less  than  one-fourth  of 
the  depth  from  the  edge  of  the  piece. 

Only  9  stringers  of  the  175  tested  met  this  specification.    As 
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in  tlie  specification  just  preceding,  the  fact  that  no  knots  at  all 
were  permitted  within  a  certain  specified  distance  of  the  edges  was 
the  reason  for  rejecting  most  of  the  material.  The  rate-of-growth 
specification  was  also  the  cause  of  throwing  out  some  material 
which  passed   the  knot  specification. 

The  average  fiber  stress  at  the  elastic  limit,  modulus  of  rup- 
ture, and  modulus  of  elasticity  of  the  stringers  passing  this  specifi- 
cation were,  respectively,  4,835,  7,062,  and  1,767,000  lbs.  per  sq. 
in.  The  maximum  values  were,  respectively,  5,540,  7,930,  and 
1,970,000;  the  minimum,  4,300,  5,320,  and  1,565,000. 

Specification  D. — ^These  grading  rules  contain  very  few 
specific  statements  regarding  the  character  of  the  different  defects 
which  will  be  permitted,  but  like  Specification  A  they  leave  a  great 
deal  to  the  judgment  of  the  inspector. 

All  of  the  material  tested  was  graded  according  to  these  rules 
by  one  of  the  inspectors  of  the  lumber-manufacturers'  associations 
cooperating  in  the  work. 

Tables  III  and  IV  give,  respectively,  the  average  properties 
as  well  as  their  range  for  bridge  stringers  and  car  sills  graded 
in  accordance  with  these  rules. 

Specification  E. — Table  V  gives  the  average  properties  and 
their  range  for  the  different  grades  defined  in  this  specification. 
The  specification  defines  only  two  grades,  but  in  this  analysis  of 
the  test  data  the  stringers  which  failed  to  make  either  of  these 
grades  have  been  classified  as  culls. 

Specifications  D  and  E  are  evidently  the  most  practical  of 
those  quoted.  To  further  compare  their  efficiency  in  grouping 
material  according  to  its  mechanical  properties,  the  results  of  the 
tests  are  shown  graphically  in  Fig.  3.  For  each  grade  indicated 
in  the  diagram,  the  modulus  of  rupture  and  modulus  of  elasticity 
are  shown  to  the  right  of  the  heavy  vertical  line  and  the  fiber 
stress  at  elastic  limit  to  the  left  of  this  line.  The  vertical  scale  is 
in  pounds  per  square  inch,  except  that  part  of  it  which  indicates 
the  modulus  of  elasticity  which  should  be  read  in  thousands  of 
pounds  per  square  inch.  The  length  of  the  shaded  portions 
between  the  horizontal  lines  is  proportional  to  the  total  number 
of  tests  falling  within  the  limits  indicated  on  the  vertical  scale. 
The  points  within  the  shaded  areas  show  the  grouping  of  the 
individual  tests. 
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Tablb  III. — Douglas  Fir,  Green  Material  with  Defects;    Graded 
According  to  Pacific  Coast  Export  Grading  Rules. 

Average  values.     Bending.     Size,  8x16  ins.  x  15  ft.  6  ins. 


Grade. 


Select. 


Merchantable. . . 


Secoodt). 


{High,  10  per  cent  . . 
Average 
Low,  10  per  cent . . . 

{High,  10  per  cent  . 
Average 
Low,  10  per  cent . . . 

{High,  10  per  cent  . 
Average 
Low,  10  per  cent . . , 


79 


21.4  41 
II.935K 
6.227 


20.0 
10.7 
5.5 

17.4 
10.0 
4  4 


Lbs.  per 
Cu.  Ft. 


(US 

1." 


35.4 
31.2 
26.3 


43  535.9 
34  «  31.5 
27  *25..7 


38  ' 
32« 
25  ' 


35  1 
30.1 
24.7 


42.6 
38.9 
34.5 


32.7 
29.6 
25.9 


42.4  322 
36.828.0 
32.124 

40.331.1 
36.9  28.4 
32.2  24.7 


5,420 
4,346 
3,221 

5,180 
3.895 
2,780 

5,340 
3,538 
2,283 


e^S 


3S 


8,150 
6,753 
4,910 

7,670 
5,878 
3,915 

7,413 
5,188 
3,175 


1,962,000 
1,654,000 
1,340,000 

1.880.000 
1 ,481 .000 
1,133,000 

1,714,000 

1.328,000 

921,000 


Table  IV. — Douglas  Fir,  Green  Material  with  Defects;    Graded 
According  to  Pacific  Coast  Export  Grading  Rules. 

Average  values.     Bending.     Size,  5x8x15  ins. 


Grade. 


^1 

"  e 
v  S 

00 


Lbfl.  per 
Cu.  Ft. 


I 


"o  >- 
S  0, 


1- 


o>r3. 


5.2  ' 


Merchantable. 
SMOoda. 


{High,  10  per  cent  . 
Average 
Low,  10  |>er  cent .. 

High,  10  |>cr  cent  . 

.\  vcragc 

Low,  10  per  cent . . 

(High,  10  per  oent  . 
Average 
Low,  10  per  cent . . 


23.7 
14.8 
6.0 

17.8 
9.4 
4.3 

17.3 
8.7 
4.0 


SO 


37.2 
30.6 
27.0 

32.6 
29.2 
26.2 


4fi.O 
38.7 
34.0 

40.4 
35.6 
31.5 


37.9400 
30  4  36  I 
20.6,31. 2 


34.6 
29.7 
25.9 

31.5 
27.6 
24.1 

30.6 
27.7 
■23.9 


5,280 
4,320 
3,187 

4,697 
3,532 
2,580 

4,790 
3,344 
2,177 


7,497 
0,147 

4,827 

6,353 
4,946 
3,710 

0,457 
4,618 
3.100 


2,1S7.000 
l,ti',».S.(KK) 
1 ,201;  ,000 

1 ,84S ,000 
1,513.000 
1,221,000 

i,84.s,noo 

l,41'.l,000 

i,rj.'i,ooo 


A  study  of  the  diagram  brings  out  the  following  points: 

I.  That  according  to  Specification  D  the  175  stringers  tested 

were  made  up  of  59  selects,  75  mcrchantabics,  and  37  seconds; 

according  to  Specification  E,  they  were  made  up  of  54  R.  R.  No.  i, 

66  K.  R.  No.  2,  and  54  culls. 
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2.  Specification  E  succeeds  in  eliminating  from  the  highest 
grade,  material  having  a  modulus  of  rupture  less  than  6,000  lbs. 
per  sq.  in.  with  the  exception  of  one  stick  which  developed  a  modulus 
of  rupture  of  approximately  4,200  lbs.  per  sq.  in.  This  exception 
makes  the  extreme  range  in  strength  of  the  grades  "R.  R.  No.  i" 
and  "selects"  the  same. 

3.  The  grade  R.  R.  No.  2,  with  four  exceptions,  rules  out 
material  having  a  modulus  of  rupture  of  less  than  5,000  lbs.  per 
sq.  in.,  the  extreme  range  in  the  modulus  of  rupture  being  from 
4,200  to  7,800  lbs.  per  sq.  in.    The  merchantable  grade  admits  14 

Table  V. — Douglas  Fir,  Green  Material    with    Defects;    Graded 

According    to    the    Standard    Specifications    of    the 

American  Railway  Engineering  Association. 

Average  values.     'Bending.     Size,  8x16  ins.  x  15  ft.  6  ins.  \ 


Grade. 


R.  R.  No.  1.... 


R.  R.  No.  2. 


Culls. 


C  High,  10  per  cent  . 

\  Average 

[  Low,  10  per  cent . . 

f  High,  10  per  cent  . 

\  Average 

i  Low,  10  per  cent . . 

f  High,  10  per  cent  . 

•1  .\verage 

[  Low,  10  per  cent  . . 


07 


22.7 
12.0 
6.2 

18.0 
10  3 
5.6 

19.3 
10.7 
4.4 


5^ 


35.9 
31.4 
24.9 


Lbs. 
Cu. 


K 


43.6 
39.2 
35.4 


35.841.5 
31.337.2 
26733. 2 


34.9140.0  31  0 
30.536.1  27.7 
24.7|30.9|23.6 


W    -is 


I,       £i 


33.6 
29.9 
26.6 

31.8 
28.3 
25.2 


5,800 
4,516 
3,374 

5,006 
4,057 
3,109 

4.«556 
3,330 
2,292 


^2 


8,468 
7,108 
5,750 


So" 

IP 


1,964,000 
1,678,000 
1,303,000 


7,430  1,875,000 
6,116  1,528,000 
4,761    1,239,000 


6,700 
4,845 
3.232 


1,715,000 

1,310,000 

915,000 


Sticks  having  a  modulus  of  rupture  less  than  5,000  lbs.  per  sq.  in. 
and  shows  an  extreme  range  in  the  modulus  of  rupture  of  from 
3,500  to  8,800  lbs.  per  sq.  in. 

4.  The  extreme  range  in  the  seconds  is  from  3,000  to  8,300 
lbs.  per  sq.  in.,  while  the  culls  of  Specification  E  range  in  strength 
from  3,000  to  7,600  lbs.  per  sq.  in. 

5.  It  will  be  noticed  that  40  of  the  culls,  or  74  per  cent,  of  the 
timbers  excluded  from  the  grades  R.  R.  No.  i  and  R.  R.  No.  2, 
were  stronger  than  the  weakest  timbers  of  the  latter  grade. 
Thu-tv'-one  seconds,  or  84  per  cent,  of  the  seconds,  were  stronger 
than  the  weakest  timbers  in  the  merchantable  grade. 
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6.  The  eflPectiveness  of  the  specifications  in  grading  material 
according  to  its  fiber  stress  at  elastic  limit  and  its  modulus  of 
elasticity  is  also  shown  in  the  diagram.  Specification  E  appar- 
ently is  effective  in  culling  material  having  a  fiber  stress  at  elastic 
limit  of  less  than  3,000  lbs.  per  sq.  in.  Approximately  60  per  cent, 
of  the  material  culled,  however,  had  a  fiber  stress  at  elastic  limit 
greater  than  this. 

The  value  of  a  specification  or  grading  rule  depends  largely 
upon  its  reliability  in  excluding  material  which  is  deemed  undesir- 
able and  in  admitting  material  adapted  to  the  needs  of  the  pur- 
chaser. 

The  range  in  the  properties  of  the  different  grades  considered 
in  Fig.  3,  indicates  that  Specification  E  is  somewhat  more  reliable 
in  grouping  material  according  to  the  merchantable  properties 
than  Specification  D.  On  the  other  hand,  more  material  having 
the  required  properties  is  culled  by  Specification  E  than  by  Specifi- 
cation D ;  40  sticks  as  good  as  those  admitted  to  R,  R.  No.  2  are 
thrown  into  the  lowest  grade  in  order  to  exclude  the  14  sticks  falling 
below  the  minimum  strength  shown  in  the  R.  R.  No.  2.  In  Speci- 
fication D,  30  timbers  as  good  as  those  included  in  the  merchant- 
able grade  are  thrown  into  the  lowest  grade  in  order  to  exclude  the 
5  pieces  falling  below  the  minimum  strength  shown  in  the  mer- 
chantable grade. 

So  many  factors,  which  can  not  be  detected  by  a  visual  inspec- 
tion, influence  the  properties  of  structural  timbers  that  the  question 
of  formulating  grading  rules  which  can  be  relied  upon  to  exclude 
material  falling  below  a  specified  strength  is  one  extremely  doubtful 
of  solution.  The  one  timber  having  a  modulus  of  rupture  of 
approximately  4,000  lbs.  per  sq.  in.  which  passed  the  specification 
for  R.  R.  No.  I  makes  it  unsafe  to  rely  upon  greater  strength  in 
timbers  of  this  grade  than  in  timbers  of  the  next  lower  grade. 
The  practicability,  therefore,  of  having  more  than  one  grade  for 
Douglas  fir  in  structural  sizes  seems  questionable. 

Various  attempts  were  made  to  introduce  other  factors,  such 
as  summer  wood  and  rate  of  growth,  with  the  idea  of  modifying 
Specification  E  so  that  fewer  sticks  having  a  modulus  of  rupture 
greater  than  4,000  lbs.  per  sq.  in.  would  be  excluded,  but  none  of 
the  attempts  were  attended  with  much  success.  This  specification 
seems  to  be  as  practical  and  effective  as  any  that  have  been  devised 
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for  grading  Douglas  fir.  The  results  of  the  tests  show,  however, 
that  much  of  the  material  falling  in  the  two  lowest  grades  (seconds 
and  culls)  has  considerable  structural  merit  and  could  be  safely 
and  economically  used  in  false  work  and  structures  of  a  temporary 
character. 


SOME  FURTHER  EXPERIMENTS  UPON  THE  ABSORP- 
TION,   POROSITY    AND    SPECIFIC    GRAVITY    OF 
BUILDING   BRICK. 

By  D.  E.  Douty  and  L.  L.  Beebe. 

In  a  paper  presented  before  the  Society  three  years  ago,*  the 
desirability  of  obtaining  more  extended  information  in  regard  to 
the  absorptive  capacity  of  the  common  kinds  of  building  brick 
was  expressed. 

Since  that  time  Mr.  James  E.  Howard,  formerly  of  the  Water- 
town  Arsenal  Testing  Laboratory,  and  at  present  Engineer- Phys- 
icist of  the  Bureau  of  Standards,  has  presented  two  papers  before 
the  National  Brick  Manufacturers'  Association  upon  the  subject 
and  has  emphasized  the  indefiniteness  of  the  term  "  absorption. "f 

If  "absorption,"  ''porosity,"  or  "percentage  of  voids"  is 
to  become  an  element  in  the  Standard  Specifications  for  Building 
Brick,  an  accurate  definition  and  uniform  standard  method  of 
determination  is  certainly  necessary.  Leaving  out  of  the  question 
the  discussion  of  the  advisability  of  the  inclusion  of  porosity  as  an 
element  of  the  specification,  a  subject  to  be  more  properly 
considered  in  connection  with  the  Standard  Specifications  them- 
selves, we  have  attempted  to  obtain  some  further  information 
along  the  same  lines  as  outlined  in  the  previous  paper. 

Of  the  twenty-three  varieties  of  brick  which  were  the  subject  of 
that  paper,  nine  were  selected  covering  the  range  of  absorptive 
capacity  in  as  nearly  equal  intervals  as  possible  in  the  light  of  the 
preliminary  information  then  obtained. 

As  it  also  seemed  desirable  to  obtain  some  information,  for 
the  purposes  of  comparison,  on  the  specific  gravity  of  the  ground 
material  as  well  as  the  normal  brick,  four  of  the  samples  were 
selected  covering  the  range,  and  the  specific  gravity  of  the  ground 
material,  passing  different  sizes  of  sieves,  was  obtained.  Samples 
of  the  brick  were  first  crushed  to  pass  a  No.  20  sieve,  thoroughly 

*  "  The  Influence  of  the  Absorptive  Capacity  of  Brick  upon  the  Adhesion  of  Mortar," 
D.  E.  Douty  and  H.  C.  Gibson,  Proceedings,  Vol.  VIII,  igo8,  pp.  518-530. 

t  National  Brick  Manufacturers'  Association,  Buffalo  meeting,  February  s,  1909, 
abstracted  in  Engineering  News,  March,  1909,  Vol.  6,  No.  10,  p.  273. 
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mixed  and  divided  into  portions  to  be  subsequently  crushed  to 
pass  Nos.  40,  60,  80,  100,  and  200  sieves.  These  determinations 
were  made  with  the  Le  Chatelier  flask  after  all  the  moisture  had 
been  driven  off;  the  results  are  given  in  Table  I. 

Table  I. — Comparison  of  the  Specific  Gravities  of  Ground  Material 

TO  Pass  Different  Sizes  of  Sieves. 

Le  Crateuer  Flask. 


Brick 

Sieve  Number. 

No. 

20" 

40 

60 

80 

100 

200 

2 

18 

10 

13 

2. 568 
2.457 
2.462 
2.682 

2.590 
2.490 
2.510 
2.626 

2.600 
2.506 
2.538 
2.644 

2.604 
2. 522 
2.545 
2.648 

2.613 
2.533 
2.552 
2.659 

2. 630 
2.547 
2.580 
2.089 

Ptknometer. 


IS. 


2.433  2.487 


2.617 


2.627 


2.634 


2.550 


Check  determinations  on  Brick  18  were  made  with  the  pyk- 
noraeter.  As  may  be  observed  from  the  table,  the  increase  in  value 
of  the  specific  gravity  up  to  No.  60  sieve  is  quite  marked.  In 
subsequent  comparison,  the  specific  gravity  of  ground  material 
passing  No.  60  sieve  is  used  as  a  basis. 

Table  II  is  a  comparison  of  the  specific  gravities  of  the  nine 
bricks  with  the  absorption  by  the  boiling  method. 


Table  II. — Comparison  of  the  Specific  Gravities  of  Nine  Bricks 
with  Absorption  by  the  Boiling  Method. 


Specific 

Specific 

Sp«cifie 

Gravity 

Absorption 

Absorption 

Brick 

Gravity 

of  Normal 

Voids.* 

„  '»■ 

1)V 

.No 

of  Ground 

Rrick. 

Brick 

per  cent. 

WoiRht, 

Volume, 

Materiftl. 

Maximum 
Absorption. 

Dried. 

per  cent. 

per  cent, 

3 

3  M 

2.64 

1  89 

28.9 

14.02 

20  6 

13 

2  64 

2.64 

2  02 

23.6 

10.62 

21.46 

2 

3  00 

2  01 

2  03 

21  0 

11  20 

22.7 

20 

3X6 

2  02 

2  04 

22  9 

11.20 

22  8 

21 

2  99 
2  m 

2. 68 

2  00 

23  I 

10.02 

21   2 

8 

2  60 

2.10 

20  6 

H  78 

IH  .1 

IM 

2  61 

2  48 

2  04 

17.7 

8  45 

17  2 

I« 

2.M 

2.68 

2.22 

10.9 

6.00 

12  4 

15 

2.64 

3.58 

3.83 

12.1 

2.96 

0.8 

•  Pfc«>U«.  of  vdd.  -  ,00  -  (^'"^"'^  «™^»y  "f  """^*'  ''^'•'*  ''"'^'''  X  .00. 
\  Siiedfic  gravity  of  ground  material. 
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The  specific  gravity  of  normal  brick,  maximum  absorption, 
was  obtained  by  boiling  quarter  portions  of  the  samples  for  4 
hours  in  hydrant  water  and  determining  the  specific  gravity  by 
the  method  of  suspension  in  distilled  water,  correction  being  made 
for  the  higher  specific  gravity  of  the  water  absorbed.  As  may 
be  noticed,  the  values  in  this  column  very  nearly  approach  the 
values  for  the  specific  gravity  of  ground  materials  and  would,  prob- 
ably equal  them  if  maximum  absorption  had  been  obtained. 

The  specific  gravity  of  normal  brick  dried  was  obtained  by 
drying  quarter  portions  of  the  brick  to  constant  weight,  coating 
with  shellac  varnish  and  baking  in  an  oven  at  approximately  2 1 5°  F. 
until  hard,  repeating  the  process  of  coating  and  baking  until  the 
absorption  was  so  slight  as  to  not  materially  affect  the  values 
obtained  by  the  suspension  method.  The  specific  gravity  of  the 
shellac  was  found  to  be  1.067  ^^^  ^  correction  made  to  allow  for 
the  coating. 

The  ratio  of  the  specific  gravity  of  the  normal  brick  dried  to 
the  specific  gravity  of  the  ground  material,  multiplied  by  100, 
expresses  the  percentage  of  solid  matter  present  in  the  normal 
brick;  this  subtracted  from  100  j)er  cent,  gives  the  percentage  of 
voids. 

Absorption  by  weight  was  obtained  from  the  increase  in  weight 
of  the  specimens  used  in  the  determination  of  the  specific  gravity 
of  normal  brick,  maximum  absorption. 

Absorption  by  volume  was  obtained  from  the  product  of  the 
absorption  by  weight  and  the  specific  gravity  of  normal  brick. 
It  may  be  observed  that  these  values  approach  very  nearly  the 
values  for  percentage  of  voids.  That  Bricks  2  and  16  show  higher 
absorption  by  volume  than  j3ercentage  of  voids  may  be  ascribed 
to  the  fact  that  specimens  from  bricks  with  a  normal  specific 
gravity  higher  than  the  average  were  probably  selected. 

Table  111  is  a  comparison  of  the  results  obtained  by  five 
methods  of  determining  absorption  with  both  whole  and  half 
specimens  which  were  previously  dried  to  a  constant  weight  at 
100°  C. 

In  "Partial  Immersion"  the  specimens  were  immersed  to  a 
depth  of  ^  in. 

In  "Total  Immersion"  the  specimens  were  submerged  to 
a  depth  of  J  in. 
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In  "Total  Immersion  and  Boiling,"  the  specimens  were  sub- 
merged for  7  days  and  then  boiled  for  i  hour.  All  partial  immer- 
sion tests  were  conducted  under  as  uniform  conditions  of  air 
humidity  and  temperature  as  possible,  i.  e.,  loo  per  cent,  humidity 
and  about  68°  F. 

In  "  Boiling,"  the  specimens  were  boiled  4  hours  and  weighed 
as  soon  as  cool  enough  to  handle  and  also  24  hours  afterwards. 
In  some  cases  there  was  a  slight  decrease  after  24  hours  and  in 
others  an  increase. 

In  the  "Vacuum  Test"  the  specimens  were  subjected  to  a 
reduced  pressure  of  about  68  cm.  of  mercury-  for  i  hour  and  without 
breaking  the  vacuum,  water  was  allowed  to  flow  in  until  the  speci- 
mens were  completely  covered  and  then  subjected  to  a  pressure  of 
about  35  lbs.  for  i  hour. 

As  Table  III  is  primarily  a  comparison  of  methods,  the 
averages  of  absorption  may  be  assumed  to  indicate  the  relative 
values  of  these  different  methods. 

Rate  of  A  bsorption. — Table  IV  gives  a  comparison  of  the  rate 
of  absorption  for  partial  and  total  immersion  of  whole  and  half 
bricks  by  weight  over  an  extended  period  of  time. 

At  the  expiration  of  1 10  days  the  bricks  were  boiled  four  hours 
and  the  percentage  of  absorption  obtained  in  this  way  was  taken 
as  the  maximum  or  100  per  cent.  (See  Table  III.)  The  percent- 
age rate  at  various  periods  was  computed  from  this  maximum. 

For  both  whole  and  half  bricks,  it  may  be  observed  that 
approximate  maximum  absorption  is  attained  at  an  earlier  period 
and  the  rate  of  absorption  is  higher  in  the  case  of  total  immer- 
sion than  partial  immersion,  excej)t  in  a  few  cases  which  can  be 
accounted  for  by  a  variation  in  the  specimens  themscKcs. 

In  both  total  and  partial  immersion,  approximate  maximum 
absorption  is  attained  at  an  earlier  stage  and  the  rate  of  absorption 
is  greater  in  the  case  of  the  half  bricks  than  whole  bricks. 

Tests  were  made  on  several  of  the  bricks  to  determine  the 
effects  of  repeated  absorption  and  drying.  After  rc])eating 
absorption  and  drying  ten  times  no  ai)precia])le  change  in  the 
I)ercentage  of  absorption  or  loss  in  weight  could  be  observed. 

Permeability. — For  the  purj)Ose  of  determining  whether  any 
relation  exists  l)etween  the  si/.e  or  percentage  of  voids  and  the 
absor|)tive  capacity,  half  bricks  were  mounted  on  the  Amslcr- 
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Table  III. — Comparison  of  Results  from  Five  Methods  of  Deter- 
mining Absorption   with   Whole   and   Half    Specimens, 
Previously  Dried  to  ConstantWeight  at  100°  C. 


Partial  Immersion 
90  days. 

Total  Immersion 
90  days. 

Immersion  7  days 
and  Boiling  1  Ixour. 

Brick  No. 

Whole. 

Half,   r 

Whole. 

Half. 

Whole. 

Half. 

Wt. 

Vol. 

Wt. 

Vol. 

Wt. 

Vol. 

Wt. 

Vol. 

Wt. 

Vol. 

Wt. 

Vol. 

3 

13.4 
12.1 
10.7 
10.6 
9.2 
8.4 
8.0 
3.8 
4.2 

25.3 

24.4 
21.7 
21.6 
18.4 
17.6 
16.3 
8.4 
9.7 

18.2 

16.7 
12.5 
10.4 
11.0 
10.7 
8.9 
8.0 
4.3 
3.5 

31.6 
25.3 
21.1 
22.4 
21.4 
18.7 
16.3 
9.5 
8.1 

19.4 

13.8 
11.5 
10.8 
10.2 
10.3 
10.1 
7.9 
5.1 
3.6 

26.1 
23.2 
21.9 
20.8 
20.6 
21.2 
16.1 
11.3 
8.3 

18.8 

13.9 
10.5 
11.3 
11.0 
10.3 
9  3 
8.1 
4.9 
3  5 

26.3 
21.2 
22.9 
22.4 
20.6 
19  5 
16.5 
10.9 
8.1 

18.7 

14.6 
11.1 
U.2 
11.5 
11.0 
8  9 
8.4 
3.8 
6.3 

27.6 
22.4 
22.7 
23.5 
22.0 
18.7 
17.1 
8.4 
2.7 

18.3 

15.3 
10.5 
10.2 
11.3 
10.4 
8.9 
8.3 
5.0 
4.7 

28  9 

13 

21  2 

2 

20  7 

20 

23  1 

21 

20  8 

8 

18.7 

18 

16.9 

16 

11. 0 

15 

10.9 

Average 

19.1 

Brick  No. 


3. 
13. 

2. 
20. 
21. 

8. 
18. 
16. 
16. 


Average 


Boiling. 


Whole. 


Wt.     Vol. 


14.0 

12.8 

11.7 

11   1 

11  0 

10.0 

8.5 

6.0 

4.1 


26.5 
25.9 
23.8 
22.6 
22.0 
21.0 
17.3 
13.3 
9.5 

20.2 


Half. 


Wt.     Vol 


13.2 

12.8 
11  2 
11.2 
10.2 
10.7 
8.6 
5.6 
4.2 


25.0 
25  9 
22  7 
22.8 
20.4 
22.5 
17.5 
12.4 
9.7 


19.9 


Vacuum. 


Whole. 


Wt.     Vol 


13.1 
9.7 
9.8 
10.7 
10.5 
9  2 
7.2 
3.0 
4.8 


24.8 
19.6 
19.9 
21.8 
21.0 
19  3 
14.7 
6.7 
11.1 

17.7 


Half. 


Wt.     Vol 


13.4 

11.0 

10.5 

10.6 

10.8 

8.0 

7.2 

3.3 

3.5 


25.3 
22.2 

21.3 
21  6 
21.6 
16.8 
14.7 
7.3 
8.1 

17.8 


Total  Immersion 

110  day.s  and 
Boiling  4  hours. 


Whole. 


Wt.     Vol. 


14.4 

11.9 

11.6 

10.7 

11  2 

10.8 

8.7 

6  0 

4.9 


27.2 
24.1 
23.6 


20.5 


Half. 


Wt.     Vol 


14.3 
11.1 
11.8 
11  3 
10.9 
9  9 
8.7 
5.7 
4.4 


27.0 
22  5 
24.0 
23.0 
21.8 
20.8 
17.7 
12.7 
10.2 

20.0 


Laffon  permeability  apparatus,  shown  in  Fig.  i,  and  subjected  to 
a  pressure  of  about  2  kilograms  per  sq.  cm.  (285  lbs.  per  sq. 
in.).  The  molds  for  the  apparatus  are  of  hollow  cast  iron  in 
the  shape  of  a  truncated  cone,  clamped  to  a  bed  plate  through 
which  connection  is  made  for  water  pressure.  The  bricks  were 
placed  flat  and  central  in  the  mold,  with  a  flange  water-tight 
bushing  on  the  lower  side  to  prevent  the  water  from  carrying  free 
lime  through  the  brick  from  the  lime-cement  mixture  in  which 
they  were  mounted,  thus  decreasing  the  flow.     A  plain  bushing 
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Table  IV. — Comparison  of  Rate  of  Absorption  of  Whole  and  Half 
Bricks  by  Weight  Over  an  Extended  Period  of  Time. 

(per  cent,  of  total  absorption  by  weight.) 
Partial  Immersion,  Whole  Bricks. 


Brick 

10 

30 

li 

5 

24 

7 

17 

34 

90 

110 

No. 

mia. 

nun. 

hours. 

hours. 

hours. 

days. 

days. 

days. 

days. 

days. 

3 

64.7 

72.7 

73.4 

78.4 

84.2 

90.0 

92.1 

92.8 

96.7 

97.9 

13 

26.2 

42.9 

67.5 

73.0 

81.8 

87.3 

90.5 

91.3 

96.1 

96.1 

2 

45.7 

62.9 

66.4 

70.7 

76.7 

85.3 

87.9 

89.7 

94.0 

94.0 

20 

71.5 

72.4 

72.4 

72.4 

73.2 

80.1 

81.9 

83.6 

91.4 

91.4 

21 

70.4 

70.4 

70.4 

70.4 

70.4 

74.3 

78.0 

80.9 

87.6 

88.5 

8 

37.0 

44.6 

50.4 

59.8 

68.5 

80.5 

83.7 

85.9 

90.2 

92.4 

18 

50.0 

61.1 

61   1 

64.4 

68.9 

75.6 

80.0 

83.4 

88.9 

88.9 

16 

20.8 

21.2 

21.8 

28.0 

38.0 

40.0 

56.0 

62.0 

78.0 

78.0 

15 

21.8 

27.3 

34  6 

43.6 

45.5 

60.0 

65.5 

67.3 

76.3 

76.3 

Average 

45.3 

62.8 

67.6 

62.3 

67.5 

74.8 

79.6 

81.9 

88.8 

89.3 

Total  Immersion,  Whole  Bricks. 


3. 
13. 

2. 
20. 
21. 

8. 
18. 
16 
15. 

Arerage 


70.9 

72  9 

75.0 

78.5 

84.1 

88.9 

91.0 

93.1 

95.8 

44.6 

63.0 

67.2 

72.4 

79.0 

86.6 

89.9 

92.5 

96.6 

60.4 

60.4 

62.9 

65.4 

72.4 

81.0 

84.5 

88.8 

93.2 

71.0 

71.0 

74.8 

76.6 

79.4 

84.2 

84.2 

89.7 

95.3 

66  9 

67.9 

67.9 

71  4 

74.1 

81   3 

83.9 

85.7 

92.0 

57  4 

60.2 

62.9 

67.6 

75  9 

85.2 

87,0 

87.9 

93.5 

59  8 

62.1 

62.1 

64  4 

70.2 

74.8 

78.2 

82.8 

90.8 

26  2 

33.9 

38.5 

43.1 

50.8 

61.5 

66.2 

72.3 

78.5 

28.6 

36.8 

42.9 

42.9 

49.0 

53.1 

59.2 

69.4 

73.5 

54  0 

68.7 

61.6 

64.7 

70.5 

77.4 

80.5 

84.7 

89,9 

Partial  Immersion, 

Half  Bricks. 

3 

64  1 

76.7 

82.1 

85.1 

89.2 

91.1 

94.1 

95  3 

100.0 

100.0 

13 

30.6 

46  9 

69  5 

74  2 

81.3 

87.5 

89.1 

91.4 

97.7 

97.7 

2 

6U.9 

61.1 

62  9 

67.5 

68.5 

83.3 

87.9 

89.8 

96  3 

96,3 

20 

73.9 

73.9 

73.9 

73.9 

75.6 

70.8 

80.0 

83.2 

92.5 

93.3 

21 

68.4 

69.2 

69.2 

70  9 

74  4 

78  0 

81.2 

83.8 

91.5 

94.1 

8 

42  3 

60  6 

57.7 

61.8 

71.2 

80.4 

82.5 

86.0 

91.8 

91.8 

18 

81.8 

60.0 

60.0 

63.5 

68.3 

75.3 

80.0 

83.5 

94.1 

94.1 

18 

19  6 

20.0 

27.3 

36.4 

43.6 

50,9 

60.0 

63,0 

78.2 

78.2 

16 

28.0 

33.3 

44.4 

46.7 

61.1 

60.0 

62.2 

64.4 

77.8 

77.8 

ATvage 

47.8 

64.6 

60.8 

64.4 

69  2 

76.3 

79.7 

82.3 

01.1 

91.5 

Total  iMMCRaiON,  Halt  Bricks. 


3 

71  4 

72  7 

74.8 

78.4 

83.2 

88.8 

91.6 

94.5 

97.2 

07.2 

13 

46.8 

60.4 

64.8 

72.0 

79  2 

83.8 

88.3 

90.1 

94.6 

94.6 

2 

64.4 

64.4 

60.1 

68  6 

77.2 

83.0 

84.8 

80.0 

95.8 

95.8 

20 

72.6 

73.4 

74.4 

77.8 

79.6 

84.0 

86.7 

90.3 

97.3 

97.3 

31 

OS. 8 

68.8 

70.6 

71.6 

78.0 

Hl.O 

82.5 

85.3 

01   fi 

05. 6 

8 

61.6 

59  6 

63.6 

66.7 

73.8 

83  9 

85  9 

87.9 

1)  1  ,0 

94,0 

18 

60.8 

63.2 

63.3 

66  6 

71,3 

73  6 

78.3 

85,1 

03,1 

03 . 1 

10 

81.8 

40.4 

43  0 

47.4 

54  4 

61.4 

70.2 

76.4 

87.8 

87.8 

16 

20  6 

31.8 

40  0 

43  2 

47.7 

47.7 

66.8 

05.9 

70  5 

79.6 

Avunur* 

66  2 

60  3 

62  4 

05  6 

71  6 

76  4 

80.0 

84.8 

02.6 

02.8 
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Table  V. — Results  of  Permeability  Tests. 


Brick  No. 

Specific 

Gravity 

of  Normal 

Brick  Dried. 

Specific 

Gravity 

of  Ground 

Material. 

Voids, 
per  cent. 

Permeability, 

cu-  cm.  per 

sq.  cm.  per 

mia. 

Absorption 

by  Volume, 

per  cent. 

3 

13 

2 

20 

21 

8 

18 

16 

15 

1.89 
2.02 
2.03 
2.04 
2.00 
2.10 
2.04 
2.22 
2.32 

2.66 
2.64 
2.60 
2.65 
2.60 
2.64 
2.51 
2.64 
2.64 

28.9 
23.6 
21.9 
22.9 
23.1 
20.5 
17.7 
10.9 
12.1 

1.600 
0.500 
1.957 
2  000 
3.230 
0.b44 
0.570 
0.282 
0  594 

26.5 
21.5 
22.7 
22.8 
21.2 
18.4 
17.2 
12.4 
6.8 

was  placed  on  the  upper  side  of  the  brick  in  line  with  the  lower 
one,  and  neat  cement,  with  a  small  amount  of  hydrated  lime 
added  to  insure  absolute  impermeability  of  the  mounting,  was 
used.  The  permeability  specimens  were  placed  for  several  hours 
in  distilled  water  before  mounting  to  prevent  absorption  from  the 
cement  mixture.     Distilled  water  was  used  to  obtain  the  results 


Fig.  I. — Amsler-Laffon  Permeability  Apparatus. 

here  given,  which  are  only  preliminary  and  confined  to  the  average 
of  three  runs  of  i^  hours'  duration  on  single  specimens. 

Although  the  data  on  the  permeability  test  are  incomplete  in 
that  they  are  confined  to  a  very  I'mited  number  of  specimens,  a 
comparison  of  the  last  three  columns  of  Table  V  would  seem  to 
indicate  that  the  largest  values  of  permeability  are  obtained  for 
those  bricks  in  which  the  absorption  by  volume  most  nearly 
approaches  the  percentage  of  voids. 


DISCTJSSION. 


The  Chairman.  Mr.  A.  N.  Talbot  (in  the  Chair). — This  matter  of    tho 

absorption  of  water  by  brick  has  been  of  interest  for  a  long 
time  to  those  who  have  been  directly  connected  with  the  testing 
of  brick,  and  the  variations,  uncertainties  and  difficulties  in 
making  these  tests  have  been  known  to  many.  This  paper,  with 
the  valuable  data  given  in  it,  explains  many  of  the  apparent 
variations  which  have  been  found  at  various  times  in  the  absorp- 
tive value  of  different  qualities  of  brick.  It  is  of  value  to  us  in 
giving  information  along  this  line.  It  is  now  open  for  discussion. 
Mr.  Schuyler.  Mr.   Mont  Schuyler. — There  are  two  variables  which 

enter  into  the  final  density  of  a  brick  pressed  from  dry  clay. 
Before  burning,  some  bricks  may  be  of  a  greater  density  than 
others,  due  to  the  inclusion  in  the  dies  of  different  amounts  of 
clay.  Then  the  burning  will  shrink  the  various  bricks  by  amounts 
depending  mainly  upon  the  temperatures  reached  and  partially 
upon  their  initial  density.  In  no  case,  however,  will  identical 
firing  reduce  bricks  of  different  initial  densities  to  the  same  final 
density.  In  its  failure  to  recognize  this  the  present  tentative 
specifications  of  this  Society  are  deficient. 

The  value  of  any  brick  made  from  a  suitable  clay  is  depend- 
ent upon  the  burning  rate  and  temperature  reached.  Due  to 
high  initial  density,  bricks  that  are  obviously  soft  and  unfit  fre- 
quently show  an  absorption  in  24  hours  of  less  than  10  per  cent. 
The  converse  is  frequently  true  in  the  case  of  well-burned  bricks. 

A  method  for  differentiating  hard  from  soft  brick  perhaps 
may  be  found  in  the  rate  of  absorption.  As  a  rule  soft  bricks 
absorb  about  90  i)er  cent,  of  their  24-hour  absorption  within 
two  minutes,  while,  in  the  case  of  hard  bricks,  the  2 -minute  absorp- 
tion is  approximately  97  per  cent,  of  the  24-hour  absorption. 

These  peculiarities  are  found  in  the  brick  manufactured 
in  St.  Louis,  and  I  believe  that  investigation  of  brick  manufac- 
tured in  other  places  by  the  same  process  will  prove  this  to  be  a 
general  rule  and  perhaps  a  demonstration  that  absorption  is  a 
function  of  capillarity. 
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THfi  Chairman. — Will  Mr.  Douty  tell  us  the  reason  the  The  Chairman, 
absorption  is  larger  when  the  brick  is  wholly  immersed  than  when 
it  is  partially  immersed? 

Mr.  D.  E.  Douty. — Mr.  Chairman,  I  cannot  explain  that  Mr.  Douty. 
on  any  positive  evidence.  It  may  be  due  partly  to  evaporation 
from  the  surface  of  the  brick,  and  partly  to  the  fact  that  the 
capillary  action  in  the  case  of  partially  immersed  brick  is  not 
sufficient  to  draw  the  water  into  all  the  little  spaces.  In  the 
previous  paper  and  in  a  good  deal  of  the  data  which  have  been 
published,  the  objection  made  to  the  total  immersion  method 
was  that  the  air  became  entrapped  in  the  small  spaces  in  the 
voids,  and  therefore  the  water  could  not  enter;  and  that  the 
partial  immersion  method  would  enable  the  capillary  action  to 
fill  those  spaces  gradually  and  the  air  in  consequence  be  com- 
pletely driven  out.  I  am  inclined  to  think  that  the  method  of 
boiUng  for  four  hours,  which  can  be  done  in  an  ordinary  pail 
over  an  ordinary  fire,  and  the  determination  made  with  an 
ordinary  Fairbanks  balance  of  reasonable  sensitiveness,  is  the 
best  method  of  obtaining  the  total  saturation  of  the  brick. 

The  Chairman. — May  I  ask  if  the  rate  of  absorption  in  The  Chairman, 
the  boiUng  test  throughout  the  24  hours  was  determined,  and 
whether  it  is  necessary  to  have  as  long  a  period  as  24  hours? 

Mr.  Douty. — In  previous  experiments  we  had  attempted  Mr.  Doaty. 
to  make  a  determination  of  the  rate  of  absorption.  It  is  our 
opinion  that  one  hour  is  sufficient  for  bricks  to  obtain  practical 
saturation ;  but  I  should  not  want  to  give  that  positively  as  the 
time  without  further  experimenting  and  more  accurate  deter- 
minations. 

Mr.  Edgar  Marburg. — I  should  like  to  ask  the  authors  Mr.  Marburg, 
what,  in  their  experience  with   different   samples  of   brick  of 
supposedly  the  same  quality,  they  find  to  be  about  the  average 
number  of  bricks  necessary  for  a  fair  test? 

Mr.  Douty. — I  cannot  answer  that  question.  I  should  Mr.  Douty. 
suggest,  however,  that  I  do  not  beUeve  an  absorption  test 
based  on  less  than  ten  bricks  would  be  reliable.  As  has  been 
pointed  out,  brick  is  a  material  that  varies  a  great  deal  in  its 
structure  and  formation;  and  I  think  to  make  a  test  accurate 
and  rehable  there  should  be  at  least  ten  specimens  selected  at 
random  for  the  test. 


A   STUDY   OF  THE   RATTLER  TEST   FOR   PAVING 

BRICK. 

By  M.  W.  Blair  and  Edward  Orton,  Jr. 

Introduction. 

The  rattler  test  for  determining  the  relative  resistance  of 
pa\'ing  bricks  to  impact  and  abrasion  has  been  in  use  since  the 
late  eighties,  when  the  paving  of  streets  with  brick  began  to  make 
headway  in  America.  The  simplicity  and  competitive  features  of 
this  mode  of  testing  has  from  the  first  strongly  appealed  to  all 
concerned.  The  early  mode  of  testing  was  to  put  two  or  more 
bricks  of  as  many  different  samples  as  were  in  competition,  into  a 
rattler  of  appropriate  size,  fill  the  bulk  of  the  residual  space  with 
scrap  iron  of  any  sort  available,  and  rotate  the  barrel  at  any 
convenient  speed  for  from  one  to  six  hours,  and  determine  the 
losses  of  each  variety.  Of  course,  under  such  conditions,  there 
was  no  likelihood  of  the  original  operator  being  able  to  check  his 
results,  and  no  possibility  of  rattler  tests  made  in  different  places 
being  compared  at  all. 

The  first  efforts  at  standardization  of  the  test  began  in  1895 
and  resulted  in  1901  in  the  rather  wide  acceptance  of  a  method 
known  as  the  N.  B.  M.  A.  test.  For  a  much  fuller  historical 
statement  of  the  beginnings  of  the  rattler  test,  see  the  chapter  by 
A.  N.  Talbot,  Bulletin  9,  Geological  Survey  of  Illinois. 

This  standard  has  been  the  criterion  upon  which  hundreds  of 
millions  of  paving  bricks  have  been  judged.  It  has  done  great 
good,  by  reducing  to  comparative  order  a  condition  which  had  been 
chaotic.  It  was  recognized  by  the  committee  of  engineers  and 
manufacturers  who  framed  the  N.  B.  M.  A.  specifications,  that 
these  were  not  as  full  and  well  defined  as  was  desirable,  but  it  was 
considered  unwise  and  premature  to  attempt  too  rigid  and  precise 
dcfmition  for  fear  of  stoj)ping  the  use  of  the  test  entirely.  Some 
of  the  points  left  ojjen  or  poorly  defined  in  these  specifications  have 
since  been  shown  to  be  capable  of  exerting  a  very  appreciable 
di.sturbing  effect. 

Criticisms  of  the  rattler  test  have,  therefore,  been  occurring  at 
all  times  since  its  adoption,  and  while  not  able  to  bring  about  the 
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overthrow  of  the  test,  they  have  been  bringing  about  in  the  minds 
of  all  concerned  a  steadily  increasing  desire  for  more  exact  and 
better  defined  specifications.  The  National  Paving  Brick  Manu- 
facturers Association  in  1909  decided  to  undertake  an  investigation, 
with  a  view  to  supplying  this  need.  They  employed  Mr.  Marion 
W.  Blair  to  conduct  the  investigation  for  them.  Some  time  after 
this  work  was  initiated,  but  before  actual  testing  began,  Professor 
Edward  Orton,  Jr.,  came  forward  with  a  proposition  to  cooperate 
in  the  proposed  investigation  by  making  duplicate  studies  at  his 
own  expense,  and  by  exchange  of  data  with  Mr.  Blair,  to  more 
fully  test  out  the  value  of  all  proposed  changes  in  specifications. 
This  offer  was  accepted  by  the  Association  and  joint  work  was 
begun  in  April,  19 10,  and  continued  into  June  of  191 1.  This 
paper  sets  forth  the  results  of  this  study,  in  part,  together  with 
recommendations  for  a  proposed  standard  method  of  making  the 
rattler  test. 

Plan  of  the  Investigation. 

The  plan  decided  upon  was  as  follows: 

First :  To  equip  both  operators  with  identical  machines,  made 
from  the  same  patterns,  in  the  same  foundry. 

Second:  To  equip  both  operators  with  a  large  supply  of 
paving  bricks  from  ten  different  manufacturing  plants,  these 
samples  to  be  selected  so  as  to  secure  a  variety  in  type  of  product 
but  as  much  uniformity  within  each  sample  as  the  nature  of  the 
product  permits. 

Third :  To  make  a  series  of  duplicate  tests  under  conditions  to 
be  carefully  prescribed  in  advance,  with  a  view  to  determining  what 
degree  of  concordance  could  be  obtained  with  the  standard  charge 
of  cubic  cast-iron  shot  as  prescribed  by  the  old  N.  B.  M.  A.  tests. 

Fourth:  To  make  similar  duplicate  series  using  spherical 
cast-iron  shot,  and  also  with  no  shot,  and  following  in  other 
respects  the  same  procedure  before  described,  with  a  view  to 
reducing  the  cost  of  making  the  test  without  decreasing  its  efficiency. 

Beside  these  comparative  studies  of  the  rattler  test,,  there 
were  proposed  and  carried  out  certain  other  studies,  such  as  the 
difference  in  quality  of  bricks  representing  the  different  parts  of 
the  kiln,  the  possible  use  of  the  absorption  test  as  a  mode  of  grading 
material  for  the  rattler  test,  etc.,  which  are  not  germane  to  the 
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subject  here  under  discussion,  and  to  which  no  further  attention 
will  be  drawn  in  this  paper.  These  data  will  be  presented  in 
another  paper  elsewhere.* 

In  carrying  out  the  above  outline,  a  carefully  prepared  set 
of  rules  was  agreed  upon.  These  rules  covered  storage,  mode  of 
selection  of  samples,  system  of  designating  tests  on  each  sample, 
number  of  tests  of  each  kind  to  be  made,  mode  of  conducting  the 
absorption  test,  selection  of  charges  of  bricks  from  those  graded  by 
absorption,  condition  of  rattler  (especially  the  staves),  dimensions 
and  qualit}'  of  shot,  mode  of  rejection  of  worn-out  shot,  mode  of 
starting  with  charges  of  new  shot,  quality  of  iron  in  the  shot,  speed 
and  duration  of  test,  stopping  and  starting,  weighing  charges, 
computation  of  results,  and  many  other  minutiae.  The  same 
blank  forms  for  recording  all  data  were  also  used  by  both  operators. 

If  all  of  the  above  rules  had  been  rigorously  observed  through- 
out by  both  operators,  an  earlier  concurrence  would  undoubtedly 
have  been  obtained.  From  a  lack  of  appreciation  of  the  impor- 
tance of  exact  observance,  some  differences  of  procedure  did  creep  in 
from  the  beginning,  and  the  most  valuable  knowledge  obtained  in 
the  whole  study  has  come  from  "  running  down  "  the  discrepancies 
in  the  results  thus  produced,  for  it  has  demonstrated  the  importance 
of  factors  not  heretofore  suspected,  and  shown  how  rigid  the  condi- 
tions of  the  test  must  be  to  secure  a  proper  concordance  between 
different  operators. 

Series  F. 

The  first  ten  letters  of  the  alphabet  were  agreed  upon  to 
represent  the  ten  different  brands  of  bricks  to  be  studied.  The 
first  sample  to  arrive  was  that  designated  by  the  letter  F.  The 
quantity  was  2,100  bricks,  which  was  equally  divided  between  the 
two  laboratories. 

In  equipping  the  two  laboratories  with  cast-iron  shot,  it  was 
provided  that  one  common  lot  of  each  kind  of  shot,  both  cubic 
and  spherical,  was  to  be  procured  and  divided.  This  was  done, 
but  with  some  delay.  Prior  to  the  arrival  of  the  shot  at  Rlair's 
laboratory,  he  had  |)rocured  a  supj)ly  of  both  cubic  and  si)hcrical 
shot  from  the  Over  Foundry  in  Indianapolis,  and  started  his  tests. 

*Ortao— "SonM  Obtarvationi  im  the   Ouali^io*  »i  Paving  Drick."     Transactions, 
AmtrieoH  Ctramk  SocUty,  V"l    X'lll   ,.  i„». 
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Orton,  in  procuring  the  shot  for  distribution,  had  purchased 
from  two  different  Columbus  foundries.  In  all  cases,  both  in 
Indianapolis  and  Columbus,  the  same  specifications  as  to  hardness 
of  shot,  quality  of  iron,  etc.,  were  used  and  the  shot  received  was 
supposed  by  both  operators  to  meet  the  requirements  with  sufficient 
exactness. 

Thus,  when  the  testing  of  Series  F  began,  there  were  three 
different  lots  of  shot  in  use,  viz.: — spherical  shot  made  by  the 
H.  Loudenslager  Foundry  Company,  of  Columbus,  used  by  Orton; 
cubic  shot  made  by  O'Brien  Brothers,  of  Columbus,  used  by 
Orton;  cubic  and  spherical  shot  made  by  the  Over  Foundry,  of 
Indianapolis,  used  by  Blair.  None  of  these  inequalities  were 
recognized  as  important,  at  the  beginning. 

A  slight  further  inequality  in  conditions  was  brought  about  by 
Blair  using  his  machines  for  some  preliminary  testing  on  materials 
for  Series  H  and  K,  which  had  come  into  his  possession  early,  but 
which  had  not  reached  Orton's  laboratorj'.  Thus,  when  Series  F 
was  begun,  Blair's  two  machines  had  made  30  or  40  tests  apiece, 
while  Orton's  machine  was  new. 

Omitting  all  needless  details.  Table  I  gives  a  condensed 
summary  of  the  results  of  this  series.  The  same  data  are  shown 
graphically  in  Fig.  i. 

The  discussion  of  the  results  of  Series  F  will  be  deferred  until 
the  data  of  Series  G  have  been  presented.  Owing  to  failure  to 
cooperate  closely  enough,  the  two  laboratories  were  in  a  different 
stage  of  forwardness  at  the  end  of  Series  F,  and  Series  G  was 
tested  and  available  for  study  at  the  same  time  that  the  Series  F 
data  were  first  exchanged.  Up  to  this  point,  each  laboratory  had 
followed  the  prearranged  schedule  according  to  its  own  interpre- 
tation, and  both  Series  F  and  G  show  similar  differences  in  results 
due  to  this  fact. 

Series  G. 

The  second  material  to  be  distributed  jointly  between  the  two 
laboratories  was  that  predesignated  as  G.  It  consisted  of  2,100 
bricks  representing  upper,  middle  and  lower  sections  of  the  kilns. 
The  only  differences  between  the  conditions  of  the  test  in  Series  G 
and  F  were  those  due  to  the  increased  wear  of  the  channel  steel 
staves,  which  were  warped  and  distorted  by  peening. 


ySo  Blair  and  Orton  on  the  Rattler  Test. 

Table  I. — Summary  op  Rattler  Tests  upon  Bricks  of  Series  F. 


Position  of 

Bricks  in 

Cubic  Shot, 

10  Bricks  per 

Charge. 

Spherical  Shot, 

10  Bricks  per 

Charge. 

No  Shot. 

15  Bricks  per 

Charge. 

Kiln. 

Orton, 
10  tests. 

Blair, 

10  tests. 

Orton, 
10  tests. 

Blair, 
10  tests. 

Orton, 
5  tests. 

Blair, 
5  tests. 

Lower  Bench. . 

f  Average. .  . 

Mtiximum . 

[  Minimum . . 

16. 68 
18.80 
14.67 

19.89 

24.9 

17.3 

19.93 
22.22 
17.74 

17.41 

21.3 

15.3 

22.68 
23.26 
22.19 

21.2 
22.8 
19.0 

Middle  Bench 

f  Average. .  . 

Maximum. 

[  Minimiun . . 

16.10 
17.50 
14.61 

18.31 

20.2 

17.3 

19.47 
20.81 
17.81 

16.35 

17.9 

14.5 

20.51 
21.93 
19.00 

20.3 
21,0 
19.1 

Upper  Bench. . 

("Average..  . 
]  Maximum . 
[  Minimum . . 

18.52 
20. 40 
16.66 

19.35 
20  6 
18.4 

20.93 
23.75 
18. 28 

17.83 
20.5 
14.7    , 

24.19 
25. 23 
22.49 

21.4 
22.8 
20.2 

Conditions  of  the  Tests. — i  ,8oo  revolutions  at  30  per  minute. 

Barrel,  28  ins.  diameter  by  20  ins.  long. 

Staves,  6-in.  steel  channels. 

Cubic  shot  charge:  225  lbs.  ij-in.  cubes,  and  75  lbs.  2^  by  2 J  by 
4j-in.   blocks. 

Spherical  shot  charge:  225  lbs.  ij-in.  spheres,  and  75  lbs.  3i-in. 
spheres. 

Average 
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The  results  of  Series  G  are  summarized  in  Table  II  and 
plotted  in  Fig.  2. 

Table  II. — Summary  of  Rattler  Tests  upon  Bricks    of    Series  G. 


Position  of 
Bricks  in 

Cubic  Shot, 

10  Bricks  per 

Charge. 

Spherical  Shot, 

10  Bricks  per 

Charge. 

No  Shot, 
15  Bricks  per  2 
Charge. 

Kiln. 

Orton, 
10  tests. 

Blair, 
10  testa. 

Orton, 
10  tests. 

Blair, 
10  tests. 

Orton, 
5  tests. 

Blair. 
6  tests. 

Lower  Bench.. 
Middle  Bench . 
Upper  Bench. . 

("Average. .  . 
Maximum . 
Minimum. . 

■  Average. .  . 
Maximum . 
Minimum . . 

f  Average. .  . 
I  Maximum . 
[  Minimum . . 

16.94 
19.44 
15. 63 

17.80 
18.83 
16.60 

17.90 
20.77 
16.72 

17.68 
19.90 
17.00 

20.32 
24.70 
17. 20 

18.80 
19.40 
18.20 

20.07 
21.69 
19  06 

22.07 

29. 70 

19. 71 

21.94 
22.60 
21.20 

15.42 
17. 60 
13.70 

18.64 
23.20 
10.30 

17.33 
18. 90 
15.60 

22.74 
23.93 
21.88 

23. 69 
25.04 
22.05 

24.33 
24.45 
24.19 

21.60 
23 .  10 
21.00 

21.90 
24.30 
20.80 

24.70 
25.30 
24.20 

Conditions   of   the    Tesis. — Same  as  in  Table  I,  except  those  due  to 
distortion  of  the  staves  by  peening. 


Average 


»             2  3 

Orion  Blair 

C«bcTest        ^— ^  ^_-.- 

£Dl>ere  Test                    "  —  —  —  - 


4  5  6  7 

Test  Number 


9  10 


Fig.  2. — Curves  of  Series  G  (Partial). 
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Discussion  of  the  Evidence  of  Series  F  and  G. — The  following 
points  may  be  noted : 

1.  The  operators  do  not  check»each  other  in  any  particular 
in  either  series,  in  comparing  cube  charges  against  cube  charges, 
or  sphere  charges  against  sphere  charges. 

2.  The  concurrence  in  averages  in  those  charges  in  which  no 
shot  is  used  is  much  better,  though  not  as  good  as  expected. 

3.  Orton's  results  show  his  cube  tests  averaging  3  per  cent, 
lower  than  his  sphere  tests. 

4.  Blair's  results  show  his  cube  tests  averaging  2  per  cent, 
higher  than  his  sphere  tests. 

The  radical  failure  of  the  two  laboratories  to  check  each  other, 
and  the  curious  direct  reversal  of  the  relation  between  cubic  shot 
and  spherical  shot  in  the  two  laboratories,  caused  a  halt  in  the 
work  until  some  cause  could  be  ascertained. 

The  operating  conditions  were  carefully  compared.  The 
speed  of  Blair's  machine  was  often  a  little  less  than  Orton's,  but  not 
enough  to  cause  apprehension  at  the  time.  The  condition  of  the 
rattlers  was  then  discussed.  In  both  laboratories,  the  channel-iron 
staves  were  seriously  warped  by  the  peening  of  the  inner  surface 
under  the  millions  of  blows.  This  warpage  was  worse  on  Orton's 
machine,  as  it  did  the  work  alone,  while  at  Blair's  laboratory  the 
work  was  divided  between  two  machines.  In  Orton's  machine,  the 
diameter  had  been  reduced  an  inch  by  this  warj)age  and  the  surface 
was  rendered  rough  by  the  edges  of  the  staves  warping  inwards,  so 
that  a  better  chance  was  offered  for  the  shot  to  "climb' '  in  running, 
and  thus  fall  farther  when  they  went  back.  At  the  end  of  Series 
G,  Orton's  machine  had  made  180  tests  and  Blair's  machines 
about  127  tests  each.  A  divergence  in  conditions  had  thus 
developed. 

Orton  now  discovered  for  the  first  time  that  Blair  was  not 
using  the  shot  which  had  been  sent  from  Columbus,  but  was  using 
the  "Over"  shot  which  he  had  had  made  while  waiting  for  the 
Columbus  shot  to  arrive.  The  divergence  in  conditions  thus 
involved  the  shot  charges  as  well»as  the  staves,  and  it  was  decided 
to  make  a  fresh  start. 

Meanwhile,  some  additional  data  had  been  obtained  by 
Orton  before  the  above  serious  situation  had  been  fully  disclosed. 
This  work  was  upon  Scries  A  and  E,  which  had  been  received 
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while  tests  of  Series  F  and  G  were  in  progress.    This  is  summarized 
in  Table  III: 

Table  III. 
Partial  •Results  of  Series  A,  by  Orton. 


Position  in  Kiln. 

Cubic  Shot. 

Spherical  Shot. 

20.76 
22.05 
18.86 

18.97 
20.42 
18.08 

19.99 
21.63 
18.36 

23.64 

Lower  Bench 

24.14 

22.68 

21.96 

23.28 

20.92 

23.40 

26.17 

22. 28 

Partial  Results  of 

Series  E,  by  Orton. 

f  Average  (5  tests) 

20.15 
21.97 
19.19 

18.39 
19.64 
17. 03 

23.66 
24. 63 
22.53 

21.06 
22.16 
19.18 

Middle  Bench. . 

These  results  merely  still  further  confirm  that,  under  the 
procedure  and  conditions  prevailing  in  the  Orton  Laboratory,  the 
sphere  test  gives  results  avf^raging  3  per  cent,  higher  than  the  cube 
test. 

Series  C. 

In  order  to  obtain  comparable  conditions,  one  of  Blair's 
machines  and  Orton's  machine  were  stripped  and  simultaneously 
installed  with  a  complete  set  of  new  15.5-lb.  medium-steel  channel 
staves,  the  same  as  those  originally  furnished.  Blair  also  rejected 
the  Over  shot  and  put  in  the  Columbus  shot  charges,  both  cubic 
and  spherical.  A  new  sample,  designated  C,  was  divided  between 
the  two  laboratories,  giving  1,050  bricks  from  the  upper,  middle 
and  lower  benches,  to  each  laboratory.  The  results  of  this  com- 
parison are  shown  in  Table  IV  and  are  plotted  in  Fig.  3. 

The  concordance  between  the  two  laboratories  is  very  much 
better  than  in  any  of  the  preceding  work.  Cube  tests  now  check 
cube  tests  and  spherical  tests  now  check  spherical  tests,  but  the 
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Table  IV. — Summary  of  Rattler  Tests    upon  Bricks  of  Series  C. 


Position  of 
Bricks  in 

Cubic  Shot, 

10  Bricks  per 

Charge. 

1 
Si>herical  Shot,     '          No  Shot, 
10  Bricks  per             15  Bricks  per 
Charge.            !            Charge. 

Kiln. 

Orton, 
10  tests. 

Blair, 
10  tests. 

Orton, 
10  tests. 

Blair. 
10  tests. 

Orton, 
5  tests. 

Blair. 
6  testa. 

Ixjwer  Bench. . 
Middle  Bench . 
Upper  Bench. . 

f  Average. .  . 
]  Maximum . 
[  Minimum . . 

("Average..  . 
Maximum. 
Minimum  . . 

(■  Average. . 
]  Maximum . 
[  Minimum . . 

21.71 
22.96 
20.40 

23.67 
26.11 
21.01 

21.93* 

23.78 

20.72 

22.44 
25.07 
21.76 

23.83 
24.42 
22. 22 

22.18t 

22.67 

21.34 

22.76 
23.81 
21.14 

22.79 
24.76 
20. 71 

22.25* 

23.10 

21.59 

23.40 
24.74 
22.02 

24.61 
26.22 
23.36 

24.22t 
25  05 
22.27 

27.27 
27.76 
26.17 

27.46 
28.91 
26. 29 

25.74 
26.09 
25.54 

24.62 
26.64 
20.89 

26.36 
27  93 
24.23 

24  53 
24  93 
23.85 

•Seven  tests. 


t  Five  tests. 


Conditions  of  the  Test. — Same  as  in  Table  I,  except  that  each  machine 
was  equipped  with  new  staves  on  starting,  and  the  shot  charges  were  of 
the  same  make  in  both  laboratories.  The  cubic  shot,  however,  were  not 
made  by  the  same  foundry  as  the  spherical  shot. 

Av«mg« 
30 


Pio.  3.— Curves  of  Series  C  (Partial). 
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relationship  between  the  cube  test  and  the  sphere  test  has  changed. 
In  Orton's  data,  where  the  sjAere  test  has  heretofore  given  results 
3  ])er  cent,  higher  than  the  cubes,  we  now  find  it  gi\ing  but  slightly 
higher  losses;  while  Blair,  who  heretofore  found  cubes  gi^'ing 
persistently  higher  losses,  now  reverses  his  findings  and  shows 
spheres  running  1.25  per  cent,  on  the  average  higher  than  cubes. 

When  the  investigation  had  reached  this  point,  it  was  clear 
that  the  shot  were  in  some  way  connected  with  our  inability  to  check 
each  other.  Blair,  therefore,  sent  these  irons  to  Mr.  L.  A.  Touza- 
lin,  Assistant  Chief  Chemist  of  the  Illinois  Steel  Company,  South 
Chicago,  111.,  and  they  were  carefully  analyzed.  The  results 
are  given  in  Table  V. 


Table 

V. — Analys 

s  OF  Cast  '. 

RON  Shot. 

Element. 

O'Brien 
Cubes. 

Over 

Loudenslager 

Spheres. 

Cubes. 

Spheres. 

Combined  carbon 

0.45 
3.02 
1.73 
0.08 
0.68 
0.61 

1.46 
2.01 
1.63 
0.18 
0.82 
0.28 

1.59 
192 
1.24 
0.18 
084 
0.27 

2.76 
041 

096 

0.15 

0.53 

0  27 

Scleroscope  readings 

50.1 

60.1 

68.7                     72.1 

The  data  proved  most  illuminating.  It  showed  the  O'Brien 
iron  to  be  practically  a  gray  foundry  iron,  and  very  soft.  The 
two  batches  from  Over  were  of  medium  hard  iron,  but  not  nearly 
as  hard  as  the  white  Loudenslager  iron. 

The  relation  between  the  hardness  of  the  irons  and  their  wear- 
ing power  seems  clearly  indicated.  Orton,  in  five  series  of  tests, 
aggregating  more  than  100  comparisons,  found  spheres  of  hard 
white  iron  giving  persistently  higher  losses  than  cubes  of  soft 
foundry  iron.  Blair,  in  two  series  of  tests  aggregating  60  com- 
parisons, found  spheres  of  moderately  hard  iron  gi\ing  persistently 
lower  results  than  cubes  of  the  same  iron.  Blair,  in  one  series  of 
25  comparisons,  with  hard  spheres  and  soft  cubes,  checked  Orton's 
findings,  though  with  reduced  differences  between  the  two  methods. 

The  foregoing  evidence  forced  the  conclusion  that  the  com- 
position of  the  metal  to  be  used  in  the  abrasive  shot  was  a  mat- 
ter of  critical  importance — sufficient  to  completely  overthrow  any 
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probability  of  making  good  checks  between  independent  operators, 
unless  using  identical  shot  charges. 

It  was  therefore  concluded  to  abandon,  at  least  temporarily, 
the  scheme  which  had  been  originally  planned,  and  take  up  a  more 
critical  investigation  into  the  effects  of  different  kinds  of  shot. 

In  order  to  still  further  simplify  the  work,  it  was  desirable  to 
continue  the  investigation  with  but  one  shape  of  shot.  Before 
deciding  which  shape  to  employ,  the  data  thus  far  obtained  were 
carefully  compared. 

Cubic  Shot  vs.  Spherical  Shot. 

The  spherical  shot  had  proven  themselves  superior  in  the 
following  respects: 

I.  Ease  of  Maintenance. — The  cubic  shot  loses  corners  and 
edges  very  rapidly.  In  the  case  of  soft  and  medium  foundry  irons, 
the  cubes  hiave  to  be  replaced  at  the  rate  of  about  1 1  per  charge,  or 
30  to  60  every  five  tests.  This  means  that  the  average  life  of  a 
cube  is  only  20  to  25  charges.  Further,  the  point  of  rejection  is  a 
matter  of  some  variability,  de])ending  upon  the  judgment  of  the 
operator.  It  is  too  laborious  to  accurately  weigh  each  cube  after 
each  test,  and  any  visual  test  involves  the  judgment  as  aforesaid. 
Spheres  wear  uniformly  over  their  whole  surface,  from  the  begin- 
ning, and  their  rate  of  wear  is  much  smaller  than  with  new  cubes. 
Cubes  tend  to  become  spheres  by  the  wear  of  the  rattler. 

The  relative  rates  of  loss  of  iron  with  cubes  and  spheres  of  the 
same  make  are  shown  herewith: — 

Losses  in  Pounds  in  Periods  op  Five  Tests. 


er"  Cubes. 

"Over"  Spheres. 

9.35 

1-35 

13.60 

3.50 

71S 

1. 10 

750 

0.90 

7.8s 

1.30 

7-55 

1.60 

6.00 



Average* 8.41  1.46 

This  shows  six  times  as  much  wear  on  the  cubes  as  on  the 
spheres.     Much  more  data  could  be  given  corroborating  the  above. 
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2.  Effectiveness. — Where  spheres  and  cubes  of  the  same  metal 
are  used,  so  that  no  factor  of  variation  is  introduced  except  that  of 
shape  of  the  shot,  the  spheres  are  found  to  give  lower  abrasion 
losses.     Tables  VI  and  VII  illustrate  this  fact. 

Table  VI.     Orton's  Laboratory. 

"  LorrDENSLAOER "  Iron  (Second  Lot). 

Bbick,  Series  D.     Staves,  Lined  Channel*. 

Cubes.  Spheres. 

21 . 74  20 . 25 

25.70  21.50 
24.03                       22.05 

23   75  1924 

24.33  22.96 

23 . 71  22 .06 
22 .05  21 .08 
24.20  21.49 
23 .30  22 . 18 
22.27  21 .98 

Average 23.50  21.47 

Maximum 25.70  22.96 

Minimum 21.74  19-24 

Table  VII. — Blair's  Laboratory. 
"Over"  Iron  of  Medium  Hardness. 


Series  F 

Series  G 

Series  H 

(Lower  Bench). 

(Lower  Bench). 

(Middle  Bench). 

Cubes. 

Spheres. 

Cubes. 

Spheres. 

Cubes. 

Spheres. 

18  3 

21.0 

17.0 

15  4 

29.9 

29  0 

19.6 

17.6 

19.5 

16.3 

29.0 

28.9 

18.6 

18  3 

17.9 

15  2 

33.3 

27  9 

19.9 

15.3 

17.3 

17.0 

29.1 

25   1 

24  9 

21   3 

17  2 

17   5 

30.8 

26.3 

21.9 

16.7 

17.5 

15  0 

19  5 

17.1 

17.3 

14  6 

17.6 

16.0 

18.7 

13  7 

17.3 

15.7 

19.9 

15.0 

21.4 

16.1 

14.5 

14.5 

Average 

19.8 

17.4 

17.96 

15.39 

30.4 

27.4 

Maximum 

24.9 

21.3 

19.9 

17.5 

33  3 

29.9 

17.3 

15  3 

14.5 

13.7 

29.0 

25.1 

These  illustrations  are  taken  at  random  from  a  great  mass  of 
similar  data,  and  show  clearly  that  where  the  iron  is  the  same  the 
spheres  give  a  consistently  lower  figure  than  the  cubes,  by  about 
2  per  cent. 
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3.  Kind  of  Wear. — Examination  of  the  bricks  tested  does  not 
disclose  any  characteristic  differences  in  the  kind  of  wear.  The 
spheres  seem  to  disclose  cavities  lying  close  to  the  surface  of  the 
bricks,  just  as  the  cubes  do. 

On  the  strength  of  the  marked  gain  in  economy  of  iron,  and 
the  slight  difference  in  the  rate  of  wear  of  the  bricks,  the  spheres 
were  selected  as  the  basis  of  all  future  experiments. 

A  plan  for  a  careful  comparison  of  the  behavior  of  shot  made 
from  different  hard  irons,  with  a  view  to  fixing  a  chemical  specifica- 
tion which  would  insure  material  of  uniform  value  for  this  purpose, 
was  now  formulated.  While  the  necessarj'  supplies  were  being 
secured  other  work  was  being  carried  forward. 

Introductory  Work  on  Staves. 

The  stave  originally  adopted  for  the  joint  test  was  a  plain 
6-in.  medium-steel  channel,  weighing  15.5  lbs.  per  linear  foot. 
At  the  time  that  the  first  sets  were  replaced,  as  stated  in  reference 
to  Series  C,  the  peening  action  of  the  charge  had  warjjed  each 
channel  to  a  marked  degree.  It  was  evident  that  it  would  be 
impossible  to  successfully  straighten  them.  And,  as  the  warpage 
increased,  the  results  of  the  test  became  more  erratic  and  widely 
divergent,  esj)ccially  in  Orton's  machine,  which  was  in  the  worst 
condition. 

It  will  be  recollected  that  at  the  beginning  of  Series  C,  both 
Orton's  and  Blair's  machines  were  equipped  with  new  channel 
steel  staves  of  the  original  type. 

During  the  time  when  Series  C  was  being  run,  Blair  used  one 
of  his  machines  to  experiment  upon  a  new  set  of  channel  staves 
lined  with  g-in.  medium-steel  wear-plates  fastened  to  the  face  of 
the  channel  with  3  rivets,  countersunk  and  dressed  smooth.  The 
results  of  the  experiment  were  so  encouraging  as  to  justify  the 
efjuipment  of  Orton's  machme  with  a  similar  set  of  lined  channel 
staves. 

With  machines  in  both  laboratories  equipped  with  lined 
channel  staves,  Series  A  and  E  were  now  carried  nearly  to  com- 
pletion. The  shot  used  in  both  laboratories  was  Loudonslager's 
hard,  while-iron  spheres  (Lot  i)  and  O'Brien's  soft,  gray-iron 
cubes. 
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Table  VIII  gives  the  summarized  data  of  these  two  series. 

Table  VIII. — Summary  of  Rattler  Tests,  using  Lined  Staves. 
Bricks  of  Series  A  (in  part). 


Posit  ion_  of 
Bricks  in 

Cubic  Shot, 
Soft  Gray  Iron. 

Spherical  Shot, 
Hard  White  Itoq. 

No  Shot, 

15  Bricks  per 

Charge. 

Kiln. 

Orton, 
6  tests. 

Blair. 

Orton, 
6  tests. 

Blair. 
10  tests. 

Orton, 
6  tests. 

Blair. 
5  tests. 

Lower  Bencli. . 
Middle  Bench . 
Upper  Bench. . 

■  Average. .  . 

Maximum . 

[  Minimum . . 

[Average.. 
i  Maximum . 
[  Minimum . . 

Average.. 
Maximum . 
Minimum . . 

18  07 
18.57 
16  87 

10  66 
18. 71 
15.24 

18. 26 
20.68 
16.20 

1 
1 
0 

20.97 
22. 69 
20.08 

18. 12 
19. 15 
17. 22 

18  48 
19.28 
17. 03 

20.34 
22.05 
18.33 

19. 14 
20.11 
17.15 

19  84 
22.06 
17. 42 

25. 12 
26. 21 
22.98 

23. 25 

24.84 
21.68 

22. 26 
23.55 
21. 88 

23  67 
25  67 
22.29 

21.73 
22.90 
20. 00 

21. 28 
23. 27 
20. 27 

Bricks  of  Series  E  (in  part). 


Lower  Bench. . 

f  Average. .  ■ 

Maximum . 

[  Minimum . . 

18.01 
18. 73 
16.65 

17.71 
19.07 
16  99 

20.86 
22.70 
20.16 

18. 23* 

19.66 

17.00 

25.72 
26.66 
24.78 

21. 78 
22.66 
21. 03 

Middle  Bench . 

r  Average. . 
Maximum . 
Minimum . . 

16  61 

17  36 
15.36 

15  63 

16  04 
15. 21 

18  49 

19  31 
16. 84 

17  25* 
18. 23 
15.60 

23  15 
23  51 
22.74 

20.87 
21  30 
20.44 

Upper  Bench. . 

Average. . 

Maximum . 

[  Minimum . . 

16. 52 
17  45 
15.33 

17.06 
17. 77 
16. 00 

17. 26 
17. 72 
16. 11 

17.36* 
18.01 
16  80 

21. 26 
22  65 
19. 83 

21.36 
21. 89 
20. 32 

The  salient  points  to  be  noted  in  Table  VIII  are  as  follows: 

1 .  Both  operators  agree  fairly  well  on  both  cube  vs.  cubes,  and 
sphere  vs.  spheres. 

2.  As  between  cubes  and  spheres,  the  data  merely  serve  as 
a  check  on  Series  C,  since  the  newly  planned  shot  were  not  yet 
available  and  the  old  spheres  and  cubes  were  still  being  used. 
The  hard  spheres  were  inflicting  from  1.5  to  1.75  per  cent,  greater 
loss  than  the  soft  cubes,  on  the  average,  and  the  quality  of  the  iron 
is  thus  again  seen  to  overweigh  the  difference  in  the  shape  of 
the  shot. 

Examining  now  the  influence  of  the  new  lined  staves  and  the 
old  un- lined  staves,  the  comparison  in  Table  IX  can  be  compiled 
from  Orton's  data.     It  is  shown  graphically  in  Fig.  4. 


*  Average  of  5  tests,  instead  of  10  as  in  column  above. 
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Table  IX. — Tests  with  Lined  and  Un-Lined  Staves. 

Comparisons  on  Five  Tests  Each. 
Series  A. 


Position  of  Bricks 
in  Kiln. 

Old  Staves.                      New  Staves,  Lined. 
(Badly  warped  and  rough.)                 (Smooth.) 

1--- Bench {g,^esv::;::: 

Middle  Bench {g^'res..  .i :  . : 

20  76 
23.54 

18. 97 
21.95 

19.99 
23.40 

18.07 
20.97 

16.65 
18.12 

18.26 
18.48 

Lower  Bench . 


Middle  Bench. 


f  Cubes . . 
\  Spheres. 

f  Cubes.  . 
1  Spheres. 


Series  E. 


20.15 
23.66 


18.39 
21  06 


18.01 
20.85 


16.61 
18.49 
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Pig.  4. — Tiifliiiii.t!  of  Condition  of  Staves  on  Rattler  Losses. 
Series  A  (Orton 's  Results). 


The  rough  interior  of  the  barrel,  affording  better  opportunity 
for  the  shot  to  climb,  and  thus  fall  farther,  and  also  for  bricks  to 
strike  against  rough  edges  of  staves,  is  thus  seen  to  occasion  an 
increased  loss  of  2.8  per  cent,  on  the  average. 
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At  the  end  of  this  work  the  lined  stave  was  still  in  excellent 
condition  and  presented  only  very  slight  convexities  between 
rivets,  due  to  peening. 

The  Chicago  or  "No  Shot"  Test. 

The  data  obtained  by  this  process  have  been  shown  in  their 
place  in  all  of  the  tables  thus  far,  but  little  attention  has  been 
given  to  them  in  the  discussions.  At  this  point  the  evidence  was 
reviewed,  to  decide  whether  or  not  to  continue  this  test. 

For  convenience,  the  averages  of  the  "Chicago  tests"  of  each 
series  are  assembled  in  Table  X. 


Table  X. — "Chicago  Test"  Comparisons. 

SeBI£8   F.  . 


Orton. 

Blair. 

Bench. 

Averages  '    General 

of  5  tests.     ,^7f  »P, 
i  (15  tests). 

Averages 
of  5  tests. 

General 

Average 

(15  tests). 

Remarks. 

Lower.  .  .  . 
Middle .... 
Upper.  .  .  . 

22.68 
20.61 
24.19 

22. 46 

21  20 

22  80 
19  00 

21. 0 

Staves  warped;    interior  of 
barrel  rough. 

Lower . 
Middle . 
Upper . 


Series  G. 


22.74 
23.69 
24  33 

23  68 

21. 60 
21  90 
24.70 

22.73 

Staves  very  badly  warped ; 
interior  of  barrel  very  rough. 


Series  C. 


Lower . 
Middle. 
Upper . 


27. 27 
27. 46 
26. 74 


20. 82 


24. 62 
26  35 
24.63 


25.16 


Staves    new; 
barrel  smooth. 


interior    of 


Series  A. 


Lower . 
Middle . 
Upper . 


25  12 

23.57 

23. 25 

23. 67 

21.73 

22  19 

22  66 

21. 28 

Staves    lined;     interior    of 
barrel  smooth. 


Series  E. 


Lower . 
Middle . 
Upper . 


25.72 

23. 15 

1      21.20 

23.37 

21.78 
20. 87 
21.36 

21.33 

Staves    lined ; 
barrel  smooth. 


interior    of 
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The  foregoing  data  show  the  following  points : 

1.  The  results  in  Blair's  laboratory  average  1.25  per  cent. 
lower  than  in  Orton's.  The  same  fact  can  be  found  in  the  shot 
tests  up  to  this  point,  and  later  in  this  report  in  the  tentative 
standard  series.  The  explanation  arrived  at  is  a  difference  of 
speed,  being  below  the  proper  limit  in  Blair's  machine.  This 
difference  was  slight  in  the  beginning,  but  became  more  important 
as  the  tests  progressed,  as  shown  later. 

2.  The  tests  run  higher  in  actual  losses  than  in  the  correspond- 
ing shot  tests.  Selecting  for  comparison  the  tests  executed  with 
Loudenslager  spherical  shot  (first  lot)  we  have  the  values  shown  in 
Table  XL 


Table   XI. — Comparison  Between  General  Results  of  No   Shot 
AND  Spherical  Shot  Tests. 


Sariai 

No  Shot. 

Spherical  Shot. 

Orton's  Averages. 

Blair'a  Averages. 

Orton's  Averages. 

Blair's  Averages. 

F 

0 

c 

22.46 
23.68 
26.82 
23  67 
23. 37 

21.00 
22.73 
26.16 
22.19 
21.33 

20.61 
21.16 
22.64 
19.19 
18.87 

23l89 
19.80 
17.61 

A 

E 

These  figures  are  in  nearly  all  cases  the  average  of  15  charges 
each.  The  early  sphere  tests  by  Orton  on  Series  A  and  E  were 
excluded  from  the  comparison  on  account  of  condition  of  staves. 
The  sphere-test  averages  given  for  Series  A  and  E  are  from  the  tests 
made  when  the  staves  had  been  lined.  The  corresponding  all- 
brick  charges  were  run  at  the  same  time  and  hence  are  comparable. 
The  table  shows  a  difference  between  the  two  methods  amounting 
to  about  3  J  per  cent,  on  the  averages. 

3.  The  same  characteristic  tendencies  are  shown  in  the  various 
materials  when  tested  by  either  of  the  two  methods.  Fig.  5  is  a 
plot  of  the  data  given  in  Table  XT. 

From  the  foregoing,  it  may  well  be  questioned  why  the  shot 
test  should  not  be  abandoned  and  the  simpler  and  cheaj)er  all- 
brick  test  be  revived. 

So  far  as  the  evidence  we  have  secured  in  this  work  is  con- 
cerned, there  is  no  reason  why  such  a  change  might  not  be  made. 
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But,  at  the  time  that  the  old  all-brick  test  was  abandoned  in  favor 
of  the  shot  test,  it  was  demonstrated  by  Talbot  and  others  that  the 
shot  charges  had  superior  selective  wear,  where  hard  and  soft  bricks 
occurred  in  the  same  charge.  In  those  days,  when  material  was 
not  as  uniformly  hard  as  it  is  at  present,  the  importance  of  con- 
tinually watching  for  soft  bricks  was  keenly  felt,  and  it  is  not  at 
all  sure  that  this  necessity  does  not  still  exist  in  many  localities. 

For  this  reason  it  was  thought  best  not  to  recommend  the 
change  from  the  shot  test,  unless  a  more  searching  inquiry  is  made 
to  demonstrate  fully  the  relative  selective  capacity  of  the  two 
methods.    The  present  work,  while  interesting,  was  always  per- 
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Fig.  5. — Comparison  between  Average  Abrasion  Losses  of  Charges 
without  Shot  and  with  Spherical  Shot  (Orton's  Results). 

formed  on  hard  brick  of  rather  uniform  quality,  and  hence  does  not 
afford  a  good  chance  to  study  the  whole  problem. 


The  Relative  Performance  of  Spherical  Shot  Charges 
Made  from  Different  Varieties  of  Hard  Iron. 

Three  manufacturers,  all  represented  to  be  able  to  furnish  a 
homogeneous  and  uniform  grade  of  very  hard  white  iron,  were 
employed  to  prepare  batches  of  spherical  shot  of  the  two  sizes. 
Each  manufacturer  was  to  furnish  two  separate  batches,  separating 
the  first  order  from  the  second  by  a  time  interval  of  several  weeks, 
in  order  to  see  whether  the  quality  furnished  by  the  same  plant  in 
consecutive  shipments  would  vary  much.  There  was  great  delay 
in  getting  these  various  lots  and  dividing  them  between  the  two 
laboratories,  and  of  one  variety  of  shot  but  one  batch  was  ever 
secured. 
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With  these  various  lots  of  hard-iron  spherical  shot,  a  series  of 
tests  was  made  upon  a  new  lot  of  bricks,  Series  D.  A  shipment  of 
3,000  of  this  brand  was  obtained  and  divided  equally  between  the 
laboratories.  The  shipment  was  a  commercial  one,  and  not 
selected  for  testing  purposes  as  the  previous  lots  had  been.  It 
therefore  showed  a  somewhat  greater  variation  within  itself  than 
some  of  the  others. 

Table  XII  gives  the  data  obtained  in  making  this  shot  com- 
parison. 

The  Lotidenslager  Shot. — The  physical  character  of  this  shot 
was  poor.  While  fairly  accurate  in  weight,  they  were  very 
frequently  full  of  blow-holes  or  dimpled  with  sink-holes,  due  to 
contraction  in  cooling.  They  were  britde,  easily  crushed  with  a 
heavy  hammer,  and  occasionally  broke  in  the  rattler. 

The  analyses  of  the  two  lots  of  the  Loudenslager  shot  are  as 
follows: 

Lot  I.  Lot  2. 

Combined  Carbon 2.76  per  cent.  i .  48  per  cent. 

Graphitic  Carbon 0.41    "       "  i-47 

Silicon 0.96    "       "  1.66 

Manganese 0.27    "       "  0.18 

Phosphorus oS3    "       "  0.72 

Sulphur 015    "       "  0.20 

The  average  results  (10  tests  each)  given  by  these  two  lots  of 
shot,  all  other  things  being  equal,  were: 

Lot  I.  Lot  2. 

Orton 23.37  31-47 

Blair a  i .  86  20 . 1 5 

The  second  lot  of  shot  varied  widely  in  character  from  the 
first  and  gave  distinctly  lower  wearing  power  in  the  rattler.  The 
maximum  and  minimum  figures  are  also  lower  in  the  second  series, 
showing  that  it  is  not  accidental.  The  lower  results  obtained  with 
the  second  lot  are  exactly  in  line  with  the  facts  disclosed  in  Scries 
F  and  G,  where  the  Loudenslager  shot  (first  lot)  was  compared 
with  the  Over  shot  from  Indianaj)olis,  whose  comjjosition  was 
very  similar  to  that  of  the  second  lot  of  Loudenslager  shot. 

The  wide  divergence  in  chemical  composition  in  the  Tyouden- 
slager  material  was  deemed  by  us  a  sufTicient  reason  for  gi\  ing  it 
no  further  consideration  as  a  possible  future  standard  material. 


Blair  and  Orton  on  the  Rattler  Test, 


795 


Table  XII. — Comparison  of  Work  of  Different  Spherical  Shots  of 

Hard  Irons. 

H.    LonDENSLAQER    I'OUKDRT    COMPANT,    C0LUHBU8,    O. 


Lot  1. 

Lot  2. 

Orton. 

Blair. 

Orton. 

Blair. 

21.  OG 

21.25 

20.25 

17.94 

£3.06 

22.08 

21  50 

20.34 

20.96 

20.91 

22.06 

18.70 

24.31 

23.17 

19.24 

20.41 

23.63 

22  95 

22  96 

20  14 

24.60 

20.71 

22.06 

20.64 

23  37 

21   14 

21.08 

20.49 

22.58 

22  85 

21.49 

23.37 

26.41 

21.87 

22.18 

19.03 

23.63 

21.16 
21.86 

21.98 

20.60 

Average. . . 

23.37 

21.47 

20.16 

Maximum . 

26.41 

23.17  • 

22.90 

23.37 

Minimum . . 

20.96 

20.71 

19.24 

17.94 

National,  Malleablb  Ca8Tino8  Compant,  Indianapolis,  Ind. 


21.78 

20  50 

24  25 

21.39 

22.71 

21.86 

23  24 

20.91 

21.47 

20  61 

21.78 

22.57 

22.36 

21   76 

23  20 

21.76 

21  31 

20  86 

24.40 

21   20 

21  91 

21.69 

23  44 

20.52 

20  95 

21  99 

24.29 

21   22 

21.88 

20  25 

24.72 

23  47 

20  79 

21.08 

22  12 

22.14 

19.57 

20.27 

24.60 

20.31 

Average. . 

21.47 

21.08 

23.60 

21.64 

Maximum . 

22.71 

21  99 

24.72 

23.47 

Minimum . . 

19.60 

20.25 

21.78 

20.31 

American  Car  and  Foundry  Company,  St.  Louis,  Mo. 


21.47 

19.68 

21.70 

21.41 

22  58 

19.45 

21  94 

19   11 

24  43 

20.85 

21  47 

18  43 

24  00 

19  90 

21.80 

21  04 

Not  furnished. 

22  61 

20.53 

24.07 

Average. .  . 

22.60 

20.04 

Maximum . 

24.43 

21.41 

Minimum . . 

21.47 

18.43 
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We  had  believed  that  its  process  of  manufacture  and  the  quality  of 
materials  would  automatically,  or  by  the  self-interest  of  the  maker, 
operate  to  keep  its  constitution  and  hardness  about  uniform,  but 
the  above  demonstrates  that  this  view  was  incorrect. 

The  American  Car  and  Foundry  Company  SJiot. — The  physical 
character  of  this  shot  was  a  little  better  than  the  preceding,  but  not 
much.  It  was  roughly  cast  and  had  some  blow-holes,  but  was 
tough.  None  of  it  broke  in  the  rattler.  It  cost  more  than  twice 
as  much  as  the  preceding,  but  with  little  real  gain  in  quality.  Its 
uniformity  is  unknown,  as  no  second  batch  was  secured. 

The  analysis,  and  that  of  Loudenslager  No.  i  for  comparison, 
are  given  below. 

American  Car  and    Loudenslager. 
Foundry  Company.  (Lot  i.) 

Combined  carbon ...      2.72  per  cent.         2  .  76  per  cent. 


Graphitic  carbon.  .  .  0.89    " 

Silicon o  •  53    " 

Manganese 0.31    " 

Phosphorus o .  109  " 

Sulphur 0.179" 


0.41 
0.96 
o.  27 

0-53 
o.is 


The  average  results  (10  tests  each)  given  by  these  two  lots  of 
shot,  were: 

American  Car  and  Loudenslager. 

Foundry  Company.  (Lot  i.) 

Orton 22. 60  23.37 

Blair 20.04  21.86 

The  influence  of  the  increased  proportion  of  graphite  in  the 
American  Car  and  Foundry  Company  shot  is  apparent,  even  where 
the  combined  carbon  is  so  closely  similar. 

7Vie  National  Malleable  Castings  Company  Slwt. — ^The  phys- 
ical character  of  this  material  was  excellent.  It  was  beauti- 
fully smooth  and  regular,  free  from  blow  holes,  vcrj'  tough,  and 
absolutely  unbreakable  with  a  sledge.  The  chemical  com])osition 
of  every  heat  from  which  si)hercs  were  cast  was  obtained  from 
the  heat-lx)ok  of  the  comi)any  and  was  exceedingly  regular.  The 
metal  was  not  a  cupola  nicl led  cast  iron.  It  was  melted  in  an 
air-furnace,  and  held  there,  subject  to  chemical  influences  which 
gradually  converted  its  carbon  wholly  into  the  combined  con- 
ditioo.     It  was  tap{)cd  out  and  cast  only  when  lest  showed  it  to  be 
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converted  to  this  new  condition.  It  was  not,  therefore,  properly 
comparable  with  an  ordinary  cast  iron  shot,  though  obtainable  at 
about  the  same  price.  Table  XIII  gives  the  analyses  of  the  two 
lots. 

Table  XIII. 


Lot  1. 

Lot  2. 

Average 

of  22 
Analyses. 

Maximum. 

Minimum. 

Average 

of  10 
Analyses. 

Maximum. 

Minimum. 

Combined  carbon 
Graphitic  carbon 

2.74 

6.82 
0.26 
0.17 
0051 

2.96 

i.'oo 

0  30 
O.IS 
0.07 

2.51 

6  "76 

0.19 
0.15 
0.03 

2.88 

6.78 
0.23 
0.19 
0.05 

3.21 

6!92 
0.26 
0.25 
0.05 

2. 75 

6. 67 

Manganese 

Phosphorus 

Sulphur 

0  20 
016 
0.04 

The  results  of  the  rattler  test  (average  of  10  tests  each)  con- 
ducted with  this  shot  are: 


Lot  I. 

Orton 21-47 

Blair 21.08 


Lot  a. 
23.60 
31-54 


The  remarkable  uniformity  of  the  above  material  and  its 
physical  perfection  constitute  a  strong  endorsement  for  the  use  of 
shot  produced  by  this  process  of  manufacture. 

Influence  of  Combined  vs.  Graphitic  Carbon. — A  study  of  the 
above  data  seems  to  point  to  the  conclusion  that  the  graphite  is 
associated  with  the  diversified  wearing  power  of  different  irons. 
The  data  of  Table  XIV  lend  color  to  this  view. 

Table  XIV. 


Combined 

Graphitic 
Carbon. 

Averages  of  10  Testa  Each. 

Carbon. 

Orton. 

Blair. 

2.88 
2.74 
2.76 
2.72 
1.48 

trace 

trace 

0.41 

089 

1.47 

23.60 
21.54 
23.37 
22.60 
21-47 

21   54 
21.08 
21. 86 
20.04 
20.15 

A  similar  effect  can  also  be  observed  in  comparing  graphitic 
cast-iron  staves  and  hard  white-iron  staves.     The  effect  of  the 
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graphite  probably  is  that  of  slight  lubrication,  promoting  flow  and 
decreasing  opportunit}-  for  "climbing"  of  the  shot,  which  reduces 
impact.  A  small  piece  of  soap  introduced  into  a  rattler  exercises 
a  vety  pronounced  similar  effect. 

For  the  above  reasons,  it  is  believed  that  the  air-furnace  iron, 
devoid  of  all  but  traces  of  graphitic  carbon,  offers  far  the  greatest 
chance  of  uniformity  of  any  kind  of  iron  attainable. 

Influence  of  Silicon. — Silicon  is  known  to  strongly  affect  the 
brittleness  of  cast  iron.  It  does  not  affect  the  hardness  of  the 
metal  itself,  at  least  not  within  the  limits  considered  in  the  present 
connection.  Cast  iron  high  in  silicon  would  be  more  likely  to 
crush  in  the  rattler.  Air-furnace  iron  is  more  likely  to  be  low  in 
this  substance  than  cupola-melted  iron. 

Manganese. — Manganese  lends  toughness,  if  the  quantity  be 
high,  but  it  is  not  feasible  to  secure  cast  iron  high  in  manganese 
except  by  making  it  to  order  and  at  great  cost. 

Phosphorus  and  Sulphur. — Phosphorus  makes  "cold  short" 
or  brittle  cast  iron.  Sulphur  makes  "hot  short"  steel — its  effect 
on  cast  iron  is  probably  in  the  direction  of  brittleness. 

Table  XV  gives  a  comparison  of  the  relative  behavior  of  the 
iron  constituents  of  the  charges  mentioned  above. 


Table   XV. — Losses   in    Weight    (in   Pounds)   of  Charges  op   Iron 
Spheres;  (300' lbs.)  in  Periods  of  Five  Rattlings  Each. 


Period. 

Loudenslacer  Spheres. 

National  Malleable 

Casting  Company 'a 

Spheres. 

Lotl. 

Lot  2. 

Lot  1. 

1 
2 

2  06 
8.00 
1.76 
1.26 
1.76 

i.oe 

1.67 
2.46 
1.76 

1.03 

0.87 
0.37 
0.67 
0.62 
0  63 
0  60 
0.03 

0.C6 

The  greater  brittleness  of  the  Loudcnslager  material,  due  to 
its  higher  silicon  j)hosj)horus  and  sulj)hur,  is  strongly  shown  in  the 
relative  iosjics  in  weight  of  iron.  Many  crushed  and  broken 
Loudcnslager  spheres  were  found  in  the  rattler  and  removed  from 
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time  to  time,  but  never  one  of  the  National  Malleable  Company's 
make.  The  presence  of  0.41  per  cent,  of  graphite  in  the  former  is 
not  able  to  offset  the  effect  of  the  above-mentioned  ingredients. 

The  Relative  Performance  of  Different  Types  of  Staves. 

The  work  on  Series  A  and  E  shov^red  clearly  that  the  lined 
channel  stave  was  a  very  great  improvement  over  the  plain  one. 
Because  of  its  compound  structure,  it  was  thought  proper  to 
subject  it  to  a  searching  comparison  with  other  types  of  simple, 
single-piece  staves,  before  deciding  on  its  adoption. 

There  had  been  some  researches  made  at  Chicago  and  Cleve- 
land on  the  stave  question,  and  although  these  results  were  unpub- 
lished we  were  informed  that  they  indicated  that  differences  in  the 
thickness,  rigidity  and  hardness  of  the  staves  influenced  the  results 
very  markedly.  Hence,  it  was  decided  to  procure  a  series  of  dif- 
ferent staves  and  test  them  out  in  a  competitive  way,  by  running 
ten  tests  in  each  laboratory  as  follows : — 

1.  Lined  channel  staves,  as  described. 

2.  Steel  plates,  \  in.  thick. 

3.  Steel  plates,  J  in.  thick. 

4.  Steel  plates,  |  in.  thick. 

5.  Manganese  steel  plates,  f  in.  thick. 

6.  Soft  cast  iron  plates,  |  in.  thick. 

7.  Hard  white  cast  iron  plates,  f  in.  thick. 

The  manganese  steel  staves  and  both  hard  and  soft  cast  iron  staves 
were  made  from  the  same  drawing,  but  different  patterns  were 
prepared  in  each  case.  In  making  these  stave  tests  the  Louden- 
slager  spheres  (Lot  i)  were  used  exclusively  by  both  operators. 
The  comparison  was  run  upon  Series  D  material,  the  same  as  that 
used  for  the  shot  tests  just  discussed.  Table  XVI  gives  the  data 
obtained. 

Analysis  of  the  Data  of  the  Stave  Test. — The  theory  upon 
which  the  stave  investigation  was  begun  was  that  the  rigidity  or 
springiness  of  the  stave  was  a  matter  of  profound  concern.  This 
idea  has  been  somewhat  urgently  advocated  as  the  result  of  tests 
made  in  Chicago  a  year  or  two  ago.  Studying  the  results  of  our 
series,  the  data  in  Table  XVII  may  be  marshalled. 
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Table  XVIL 


Variety  of  Stave. 


Orton 'a 
Results, 
10  tests. 


Blair's 
Results, 
10  tests. 


Combined 
Results, 
20  testa. 


J-in.  steel  plate  (medium  soft) 

Hn. ) 

I-in. ) 

16.5-lb.  6-in.,  medium  steel  channel,  lined  with  |-in. 

medium  steel  wear  plates 

3-in.  cast  slaves  (manganese  steel,  intensely  bard  and 

rigid) 

i-in.  cast  slaves  (soft  machinery  iron) 
-in.     "          "      (hard  white  iron) 


22.69 

•21.971 
21.36/ 
22.49 

23.37 

21.12 
19.96 
20.66 


23.60 
21.60 
20.79 

21.86 

20.79 
19.66 


23.04 
21.78 
21.64 

22. 61 

20.95 
19.76 


1.  Comparison  of  the  data  for  the  first  four  staves,  all  of 
which  are  made  of  medium  steel,  and  which  are  arranged  in  order 
of  rigidity,  does  not  lend  strength  to  the  foregoing  view.  The 
fluctuations  seem  erratic  and  not  greater  than  the  variability  of  the 
material  tested  might  easily  explain. 

2.  A  second  idea  in  the  stave  test  was  that  hard  surfaces 
would  react  upon  an  impinging  brick  differently  from  a  soft  or 
slippery  graphitic  surface.  The  known  superiority  of  the  special 
steels  made  for  abrasion  and  grinding  machinery,  led  us  to  try  the 
use  of  a  manganese  steel  stave.  This  material  is  not  only  intensely 
hard,  but  also  very  tough  and  may  be  bent  considerably  before 
breaking.  The  comparison  of  the  data  in  the  last  four  sets  of 
staves — soft  steel,  hard  steel,  soft  cast-iron,  hard  cast-iron — shows: 

(a)  That  the  hard  staves,  both  cast-steel  and  cast-iron,  show 
less  losses  than  the  soft- steel  staves. 

(b)  That  the  soft  cast-iron  stave  shows  smaller  losses  than  any 
other  kind  of  stave. 

These  data,  while  not  conclusive,  or  indicating  that  the 
material  of  which  the  staves  are  made  is  of  vital  importance,  do 
still  seem  to  show  that  the  metal  of  which  the  stave  is  made  has 
some  slight  effect  on  the  results.  It  was  considered  to  be  sufficient 
to  justify  the  exclusion  of  a  choice  of  stave  material  and  warrant 
the  specification  of  one  material  only  as  the  standard  equipment. 

3-  The  third  point  developed  by  this  study  is  that  the  form, 
or  the  ability  to  retain  its  original  form,  is  more  important  than 
anything  else.  The  early  tests  of  Series  F,  G,  A,  and  E,  all 
showed  conclusively  that  as  the  staves  became  distorted  by  peening, 
they  created  a  rough  interior  to  the  barrel  and  thus  changed  the 
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conditions,  and  made  the  results  more  erratic,  and  increased  the 
actual  rate  of  .wear  by  2  per  cent,  or  more.  This  is  very  clearly 
shown  in  Table  IX. 

The  data  show  that  while  the  thin  (and  therefore  springy) 
steel-plate  staves  are  not  inherently  worse  than  others  when  new, 
they  are  not  to  be  recommended  because  they  pecn  rapidly  and 
become  distorted  so  soon.  If  used  at  all,  they  would  require  very 
frequent  straightening,  which  is  costly  and  likely  to  be  neglected. 

The  recommendation  in  favor  of  the  channel  steel  stave  is 
its  superior  rigidity  compared  to  a  flat  steel  plate.  But  the  work 
of  Series  F  and  G  and  parts  of  Series  A  and  E  show  clearly  that 
it  is  still  too  easily  distorted  to  be  a  good  investment,  and  also, 
when  distorted,  it  is  practically  out  of  the  question  to  straighten 
it  again,  while  a  flat  plate  can  be  straightened  by  any  blacksmith. 

The  use  of  a  face-plate  to  take  up  the  peening  and  wear,  and 
permit  the  channel  stave  to  furnish  the  permanent  supj)ort  for  it, 
has  proved  a  verj-  satisfactor}-  step.  The  distortion  of  the  unlined 
channel  staves  was  so  bad  after  1 50  tests  that  they  were  continually 
stripping  ofif  heads  of  bolts,  or  tearing  out  bolt  holes.  Five  boxes 
of  bolls  were  used  in  repairs  on  one  machine  in  about  200  tests. 
The  lined  channel  stave  completely  avoids  this  diflkulty  since  it 
remains  rigidly  in  position ;  its  bolts  seldom  work  loose  and  never 
pull  in  two,  or  strip.  The  wear  plate,  on  the  other  hand,  being 
riveted  firmly  in  its  place  at  three  points  on  its  center  line,  and 
free  to  expand  in  most  all  directions  under  the  peening  action  of 
the  shot,  is  under  no  great  stress,  and  while  it  will  occasionally 
work  loose  and  require  re-riveting,  this  repair  can  be  done  easily 
and  quickly  by  an}'  ordinary  mechanic  or  testing-machine  operator. 
The  peening  action  causes  the  wear  plate  to  buckle  up  between 
rivets,  presenting  a  slightly  convex  surface  and  fitting  down  tightly 
on  the  channel  around  the  edges  of  the  plate.  This  convexity  does 
not  exceed  J  in.  in  height  after  150  tests.  The  cost  of  rclining 
I  lie  channel  is  not  great  and  thus  the  staves  can  easily  be  kept  in 
good  condition. 

Rksumption  of  the  Original  Comparisons. 

The  completion  of  the  foregoing  work  now  brought  us  to  a 
IK>int  where  the  original  j)lan  could  be  resumed:  that  is,  to  deter- 
mine what  degree  of  concordance  could  be  obtained  between  two 
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Table  XVIII. — Comparisons  by  the  Revised  Method  of  Testing. 


Series  A. 

Series  E. 
(6  from  Middle 

Series  F. 

(4  Top, 

3  Middle 

(Middle  Bench 

Series  C. 

Series  D. 

Bench  and  4 

Only.) 

from  Lower 
Bench.) 

3  Lower.) 

Orton. 

Blair. 

Orton. 

Blair. 

Orton. 

Blair. 

Orton. 

Blair. 

Orton. 

Blair. 

18. 78 

19  22 

23. 80 

23.78 

21. 78 

20.50 

18.55 

18. 08 

17. 51 

16.16 

20.  OG 

18. 96 

24.44 

23. 82 

22. 71 

21.86 

18.23 

19  89 

18  44 

16.06 

20.24 

18. 29 

23.95 

24. 11 

21.47 

20  61 

20.09 

16  81 

18. 75 

15  42 

18.72 

17.83 

24. 97 

23. 84 

22.36 

21.75 

18.08 

17  89 

18.63 

17.25 

19.47 

19  05 

24.49 

23. 09 

21   31 

20.86 

19  02 

18  20 

17.99 

16.80 

19  26 

18. 94 

21. 91 

21.69 

18. 83 

19  03 

17   30 

19  72 

18  96 

17.24 

20  95 

21.99 

19.60 

17.82 

17  48 

17.49 

19.89 

18.88 

21.88 

20  25 

20.54 

15  69 

19  51 

15.38 

20.38 

19  54 

20.79 

21.08 

20. 87 

16  82 

18. 70 

17.86 

20. 12 

19  77 

19.56 

20  27 

19  37 

17. 84 

17  74 

14.44 

Average. .  ■ 

19.59 

18. 83 

24.33 

23. 72 

21  47 

21.08 

19  31 

17.80 

18. 20 

16.95 

Maximum . 

20.38 

19.77 

24.49 

24.11 

22.71 

21.99 

20. 87 

19.89 

19.51 

19. 72 

Minimum . . 

18.72 

17.24 

23. 80 

23.09 

19.66 

20. 25 

18.08 

15.69 

17. 30 

14.44 

Series  G. 

Series  IL 

(4  Top  and 

(All  Middle 

Series  K. 

Series  M. 

Series  P. 

6  Middle.) 

Bench.) 

Often. 

Blair. 

Orton. 

Blair. 

Orton. 

Blair. 

Orton. 

Blair. 

Orton. 

Blair. 

19. 14 

16  35 

25  67 

27.20 

20. 30 

16.40 

18.41 

21. 03 

16.40 

15. 34 

17.90 

15.50 

30.47 

25. 69 

18.42 

17.42 

18. 08 

17.59 

16.46 

16. 43 

18.45 

17. 68 

30. 23 

28.87 

17   68 

17.41 

20. 36 

19.26 

16.81 

16. 96 

18.24 

17.27 

26.66 

24.41 

19.42 

16.49 

18.40 

18.62 

17.40 

17. 70 

18. 60 

17.35 

29.76 

26. 03 

18.97 

18.54 

18. 78 

17  97 

10.84 

19.38 

16  54 

23.33 

27.76 

17.59 

17.56 

19.64 

21.99 

18.53 

17.11 

25.07 

24.59 

20.23 

17.20 

17.24 

16  94 

19.35 

16. 22 

28.34 

25  07 

18.57 

18  04 

19  25 

19. 67 

19  13 

16. 37 

29.44 

27.26 

18.46 

18. 23 

18. 38 

17. 91 

18  81 

17.58 

30.25 

25  65 

19  63 

18  37 

20. 20 

21  65 

Average.  • 

18. 77 

17. 39 

27.82 

26. 24 

18. 92 

17.56 

19.07 

19. 25 

16.78 

16.60 

Maximum . 

19.68 

17.68 

30.47 

27.76 

20.30 

18.64 

20.37 

21.66 

17. 40 

17.70 

Minimum . . 

17. 90 

16.60 

23.33 

24.41 

17.69 

16.40 

17.24 

16  94 

16.40 

15.34 

operators  when  testing  the  same  brick  and  following  the  same 
specifications.  Irregularities  due  to  variation  in  the  quality  of  the 
shot  and  the  kind  and  condition  of  the  staves,  which  had  not 
previously  been  known,  could  now  be  provided  for.  The  other 
variable  factors  in  the  rattler  test,  such  as  rate  of  rotation,  duration 
of  rotation,  number  of  bricks  per  charge,  etc.,  having  been  covered 
in  the  old  specifications  and  in  use  for  ten  years,  had  been  rather 
well  determined,  and  no  developments  in  this  investigation  had 
given  any  reasons  to  suggest  their  overthrow. 
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For  the  new  comparisons,   the  following  plan  was  made: 

First:  To  secure  twenty  charges  of  ten  bricks  each  from  ten 
different  manufacturers  of  paving  bricks — a  total  of  200  charges. 

Second :  These  were  to  be  divided  equally  between  the  two 
laboratories  to  be  tested  by  the  new  plan. 

Third :  The  samples  to  be  selected  were  to  be  taken  as  far  as 
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poesiblc  from  the  remainder  of  the  large  car-load  samples  used  in 
Series  A,  C,  1),  E,  F  and  G.  The  other  four  sami)les  were  to  be 
secured  direct  from  the  manufacturers  and  were  to  rci)resent 
what  they  considered  to  be  first-class  material— perhajis  not 
their  lx*st,  but  certainly  well  above  the  average  in  uniformity 
and  exterior  excellence.  Of  the  six  samples  taken  from  the  old 
series,  there  were  not  enough  bricks  available  from  a  single 
bench  of  the  kiln  to  make  the  requisite  20  charges  of  each  brand. 
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In  this  case,  charges  were  compounded  from  two  or  even  three 
benches.  When  this  was  done,  each  charge  was  made  to  contain 
the  same  number  of  bricks  from  the  several  benches  as  every  other 
charge  in  the  same  series,  thus  making  the  charges  strictly  com- 
parable. 

Fourth :  The  method  of  testing  was  as  follows : 

(a)  The  shot  chafge  should  consist  of   ten  3f-in.  spheres, 
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Fig.  7. — Degree  of  Concurrence  attained  with  Improved  Spherical  Shot 
and  Lined  Steel  Staves. 


weighing  as  nearly  as  possible  75  lbs.,  and  as  many  i|-in.  spheres 
made  by  the  National  Malleable  Castings  Company,  the  proper- 
ties of  which  have  been  discussed,  as  would  bring  the  combined 
weight  to  300  lbs. 

(6)  The  lined  channel  steel  staves  were  to  be  used  and  relined 
whenever  peened  to  a  serious  extent,  and  in  no  case  to  be  run 
more  than  150  tests  without  renewal. 
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(c)  Other  conditions  were  to  remain  the  same  as  in  the 
original  procedure. 

The  results  of  these  comparisons  are  given  in  Table  XVIII, 
and  are  plotted  in  Figs.  6,  7  and  8. 

The  study  of  the  foregoing  shows  that  Orton's  averages  are 
regulariy  higher  than  Blair's.  The  amounts  are  not  large:  +0.76, 
0.61,  0.39,  1. 51,  1.25,  1.36,  1.58,  1.36,  0.18,  and  one  —0.18.    The 
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average  of  these  amounts  is  ^  0.88,  Orton  over  Blair.  If  the  sign 
of  these  differences  was  not  practically  one  way  they  would  be 
construed  as  siitisf actor)*  checks.  But,  since  they  j)oint  persistently 
in  one  direction,  there  must  be  a  reason  for  it. 

Influence  of  S/xcii  of  KoUit'wn. — The  data  of  each  obscrvrr  was 
again  searched  and  a  difTcrence  in  speed  was  found,  wiiich  hud  been 
noted  earlier  in  the  joint  work  and  which  was  trifling  at  that  time, 
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Table 

XIX. — Comparison  of  Ratt 

LER  Losses  and  Speed  op 

Revolution. 

Orton, 

Blair. 

Rattler  Losses. 

Average  Speed, 
R.  P.  M. 

Rattler  Losses. 

Average  Speed, 
R.  P.  M. 

18.55 

30.12 

18. 08 

29  75 

18. 23 

29  71 

19  89 

29 

50 

20.09 

29  62 

16  81 

27 

75 

18. 08 

29  71 

17. 89 

28 

33 

19. 02 

29  75 

18. 20 

27 

69 

18. 83 

30   17 

19  03 

30 

10 

19.60 

30  04 

17  82 

29 

38 

20.  64 

30  34 

15  69 

27 

76 

20.87 

30.26 

16  82 

28 

57 

19.37 

30.42 

17. 84 

28 

33 

Average. .  . 

19.31 

30  01 

17.80 

28. 71 

but  which  had  now  become  much  more  considerable.  Table  XIX 
from  Series  E,  which  shows  about  the  highest  average  discrepancy 
between  Orton  and  Blair,  was  selected  to  illustrate  this  point. 

There  would  seem  to  be  but  little  doubt  that  these  low  speeds 
on  Blair's  machine  during  the  winter  months  of  1910-11  were 
responsible  in  whole  or  in  part  for  the  persistently  low  results 
which  he  secured. 

In  order  to  obtain  a  final  comparison,  in  a  laboratory  in  which 
this  speed  factor  could  be  corrected,  arrangements  were  made  for 
Blair  to  use  a  newly  installed  machine  in  the  Laboratory  of  the 


Table    XX. — Comparison,    Series    F    (second),    under    Controlled 
Speed  Conditions. 


Orton. 

Blair. 

Loss. 

R.P.M. 

Remarks. 

IXMS. 

R.P.M. 

Remarlu. 

17. 25 
16  94 
19. 27 
17.55 
18  92 

16  55 
15  86 
15.44 
15  65 
18. 46 

30. 04 
30.08 
30.08 
30.04 
30  04 

30  22 
30  25 
29  96 
29  75 
29.96 

30.04 

Lining  was  near  its 
point  of  rejection ;   viz., 
128-133  testa.     It  was 
wari>ed  and  peened  con- 
siderably. 

New   lining   was   in- 
stalled    complete    and 
these    five    tests    run 
upon    it    without    pre- 
linunary  wear. 

15  78 
15.24 
16.59 
19.13 
17.03 

18  56 

16  20 
14.58 
16. 04 
14.59 

30.00 
29.84 
29.75 
29.71 
29  71 

29  75 
29  75 
29. 99 
29. 79 
29. 71 

Lining  was  new  and 
in  good  order ;    only  3 
or  4  tests  bad  been  run 
on  it. 

Average. 

17.19 

16  37 

29.80 
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Ohio  State  Highway  Commission.  This  machine  was  a  duplicate 
of  that  used  in  the  rest  of  this  study.  The  bricks  were  200  in 
number  taken  from  a  commercial  shipment  standing  upon  the 
street  ready  for  laying.  Each  operator  received  100  and  made  10 
tests.     The  results  are  given  in  Table  XX. 

The  last  five  tests  made  by  Orton  in  the  above  table,  and  the 
entire  ten  by  Blair  are  about  as  closely  comparable  as  can  be 
obtained.  The  first  five  tests  by  Orton  were  made  with  the  lining 
about  ready  for  rejection,  which  may  or  may  not  have  affected  the 
results. 

There  are  too  few  data  available  to  prove  with  certainty  that 
low  speed  was  the  cause  of  Blair's  results  running  lower  than 
Orton's  in  the  final  ten  comparisons,  but  this  presumption  has  been 
somewhat  strengthened  by  the  above  test 


Conclusions. 

1.  Spherical  shot,  of  the  quality  used  in  the  latter  part  of  this 
study,  have  ver}'  great  advantages  over  cubic  or  rectangular  shot. 
The  losses  of  weight  of  the  shot  themselves  is  reduced  to  a  mere 
trifle,  the  condition  of  the  charge  changes  very  slowly,  and  is  much 
cheaper  to  maintain. 

2.  The  lined  steel  channel  stave  has  the  advantage  of  any  other 
kind  known  to  the  writers  in  that  it  can  be  kept  in  good  order  with 
the  minimum  expense  or  attention.  The  distortion  due  to  peen- 
ing,  which  is  shown  by  all  staves,  is  here  taken  up  by  the  wear- 
plate,  which  is  inexpensi\e  and  easily  renewed. 

3.  The  s[)eed  of  rotation  is  believed  to  exert  enough  influence 
on  the  results  to  justify  closer  limits  than  were  permitted  under  the 
old  standards.  It  is  believed  to  be  one  very  fruitful  cause  of  the 
diflficulties  exi)crienced  by  operators  in  checking  each  other. 

4.  There  remain  some  other  factors  of  the  rattler  test  not 
covered  in  the  old  siK-cifications,  which  have  not  as  yet  been 
investigateri.  Their  influence  may  be  found  to  be  noticeable  by 
careful  study  and  it  may  be  desirable  to  cover  them  by  exact 
specification.  Some  of  these  points  are  (a)  the  method  of  su])port 
ing  the  rotating  barrel;  and  (/>),  the  method  of  driving  the  barrel, 
whether  by  steam  engine,  gas  engine  or  electric  motor,  or  by 
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direct,  belt,  rope,  chain,  or  friction  drive.  In  the  opinion  of  the 
writers,  no  great  importance  attaches  to  these  factors  and  some 
divergence  of  practice  may  continue  in  these  respects  without 
destroying  the  ability  of  different  operators  to  check  each  other 
within  the  limits  which  the  natural  fluctuation  of  the  material  itself 
imposes. 

5.  The  use  of  a  uniform  data  sheet  for  recording  and  rtporting 
rattler  tests  is  very  important.  It  greatly  assists  in  securing 
uniformity  in  doing  the  work. 

Recommendations. 

In  view  of  the  above  conclusions  we  present  the  following 
revised  specifications  for  the  rattler  test  upon  paving  bricks,  to 
take  the  place  of  the  specifications  of  the  National  Brick  Manu- 
facturers Association  of  1901. 


REVISED    SPECIFICATIONS   FOR   THE    RATTLER   TEST 
UPON    PAVING    BRICK. 

The  Rattler 

The  machine  shall  be  of  good  mechanical  construction,  self-contained, 
and  shall  conform  to  the  details  of  material  and  dimensions,  as  set  forth 
in  the  following  specifications. 

The  Barrel. — The  barrel  of  the  machine  shall  be  made  up  of  the  heads, 
headliners  and  staves. 

The  heads  shall  be  cast  with  trunions  in  one  piece.  The  trunion 
bearings  shall  not  be  less  than  two  and  one-half  (2^)  inches  in  diameter 
or  less  than  six  (6)  inches  in  length. 

The  heads  shall  not  be  less  than  three-fourths  (})  inch  thick  nor 
more  than  seven-eighths  (5)  inch.  In  outline  they  shall  be  a  regular 
fourteen-sided  (14)  polygon  inscribed  in  a  circle  twenty-eight  and  three- 
eighths  (28!)  inches  in  diameter.  The  heads  shall  be  provided  with 
flanges  not  less  than  three-fourths  (|)  inch  thick  and  extending  outward 
two  and  one-half  (2^)  inches  from  the  inside  face  of  head  to  afford  a  means 
of  fastening  the  staves.  The  flanges;  shall  be  slotted  on  the  outer  edge,  so 
as  to  provide  for  two  (2)  three-fourths  (|)  inch  bolts  at  each  end  of  each 
stave,  said  slots  to  be  thirteen-sixteenths  {\\)  inch  wide  and  two  and 
three-fourths  (2  J)  inches  center  to  center.  Under  each  section  of  the 
flanges  there  shall  be  a  brace  three-eighths  (g)  inch  thick  and  extending 
down  the  outside  of  the  head  not  less  than  two  (2)  inches.  Each  slot  shall 
be  provided  with  recess  for  bolt  head,  which  shall  act  to  prevent  the  turn- 
ing of  the  same.     There  shall  be  for  each  head  a  cast  iron  headliner  one  (i) 
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inch  in  thickness  and  conforming  to  the  outline  of  the  head,  but  inscribed 
in  a  circle  twenty-eight  and  one-eighth  (28^)  inches  in  diameter.  This 
liner  or  wear  plate  shall  be  fastened  to  the  head  by  seven  (7)  five-eighths 
(I)  inch  cap  screws,  through  the  head  from  the  outside.  These  wear 
plates,  whenever  they  become  worn  down  one-half  (i)  inch  below  their 
initial  surface  level,  at  any  point  of  their  surface,  must  be  replaced  with 
new.  The  metal  of  which  these  wear  plates  are  to  be  composed  shall  be 
what  is  known  as  hard  machinery  iron,  and  must  contain  not  less  than 
one  (i)  per  cent,  of  combined  carbon.  The  faces  of  the  polygon  must  be 
smooth  and  give  uniform  bearing  for  the  staves.  To  secure  the  desired 
uniform  bearing,  the  faces  of  the  head  may  be  ground  or  machined. 

The  Staves. — The  staves  shall  be  made  of  six  (6)  inch  medium  steel 
structural  channels  twenty-seven  and  one-fourth  (2  7 J)  inches  long, 
weighing  fifteen  and  five-tenths  (15.5)  pounds  per  linear  foot. 

The  channels  shall  be  drilled  with  holes  thirteen-sixteenths  (y|^) 
inch  in  diameter,  two  (2)  in  each  end,  for  bolts  to  fasten  same  to  head, 
the  center  line  of  the  holes  being  one  (i)  inch  from  either  end  and  one  and 
three-eighths  (ij)  inches  either  way  from  the  longitudinal  center  line. 

The  space  between  the  staves  will  be  determined  by  the  accuracy  of 
the  heads,  but  must  not  exceed  five-sixteenths  (y*^)  inch.  The  interior 
or  flat  side  of  each  channel  must  be  protected  by  a  lining  or  wear  plate 
three-eighths  (f)  inch  thick  by  five  and  one-half  (5^)  inches  wide  by 
nineteen  and  three-fourths  (iqJ)  inches  long.  The  wear  plate  shall  consist 
of  medium  steel  plate,  and  shall  be  riveted  to  the  channel  by  three  (3) 
one-half  (^)  inch  rivets,  one  of  which  shall  be  on  the  center  line  both  ways 
and  the  other  two  on  the  longitudinal  center  line  and  spaced  seven  (7) 
inches  from  the  center  each  way.  The  rivet  holes  shall  be  countersvmk 
c  n  the  face  of  the  wear  plate  and  the  rivets  shall  be  driven  hot  and 
chipixid  off  flush  with  the  surface  of  the  wear  plate.  These  wear  plates 
shall  be  inspected  from  time  to  time,  and  if  found  loose  shall  be  at  once 
reriveted,  but  no  wear  plate  shall  be  replaced  by  a  new  one  except  as 
the  whole  set  is  changed.  No  set  of  wear  plates  shall  be  used  for  more 
than  one  hundred  (100)  tests  under  any  circumstances.  The  record 
must  show  the  date  when  each  set  of  wear  plates  goes  into  service  and 
the  number  of  tests  made  ui)on  each  set. 

The  staves  when  bolted  to  the  heads  shall  form  a  barrel  twenty  (20) 
inches  long,  inside  measurement,  lH?tween  wear  plates.  The  wear  plates 
of  the  staves  must  l)c  so  i)lace<l  as  to  drop  between  the  wear  j)Iates  of  the 
heads.  These  staves  shall  In?  lH)lted  tij^htly  to  the  heads  by  four  (4) 
three-fourths  (f)  inch  Ixilts,  and  each  Ixjlt  shall  In;  provided  with  lock 
nuts,  and  shall  be  inspected  ut  not  less  frequent  intervals  than  every 
fifth  (5th)  test  and  all  nuts  kept  tight.  A  reconl  shall  he  made  after  each 
iiuch  inspection,  showing  in  wliat  condition  the  Ixilts  were  found. 

Thf  Framt  and  IhixHng,  Mechanism. — The  barrel  should  bo  mounted 
on  a  CMt-iron  frame  of  suHicient  strength  and  rigidity  to  supjHirt  siinie 
without  undue  vibration.  It  should  rest  on  a  rigid  foundation  and  be 
(Mt«SMKl  to  Mune  by  bult*  At  Dot  less  thfm  (our  (4)  i>oint8. 
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It  should  be  driven  by  gearing  whose  ratio  of  driver  to  driven  should 
not  be  less  than  one  (i)  to  four  (4).  The  counter  shaft  upon  which  the 
driving  pinion  is  mounted  should  not  be  less  than  one  and  fifteen-six- 
teenths (lyf)  inches  in  diameter,  with  bearings  not  less  than  six  (6) 
inches  in  length  and  belt  driven,  and  the  pulley  should  not  be  less  than 
eighteen  (18)  inches  in  diameter  and  six  and  one-half  (6^)  inches  in  face. 
A  belt  of  six  (6)  inch  double-strength  leather,  properly  adjusted,  so  as  to 
avoid  unnecessary  slipping,  should  be  used. 

Abrasive  Charge. 

(a)  The  abrasive  charge  shall  consist  of  two  sizes  of  cast-iron  spheres. 
The  larger  size  shall  be  three  and  seventy-five-hundredths  (3.75)  inches 
in  diameter  when  new  and  shall  weigh  when  new  approximately  seven 
and  five-tenths  (7.5)  pounds  (3.40  kilos)  each.     Ten  shall  be  used. 

These  shall  be  weighed  separately  after  each  ten  (10)  tests,  and  if 
the  weight  of  any  large  shot  falls  to  seven  (7)  pounds  (3.175  kilos)  it  shall 
be  discarded  and  a  new  one  substituted ;  provided,  however,  that  all  of 
the  large  shot  shall  not  be  discarded  and  substituted  by  new  ones  at  any 
single  time,  and  that  so  far  as  possible  the  large  shot  shall  compose  a 
graduated  series  in  various  stages  of  wear. 

The  smaller  size  spheres  shall  be  when  new  one  and  eight  hundred 
seventy-five-thousandths  (1.875)  inches  in  diameter  and  shall  weigh  not 
to  exceed  ninety-five-hundredths  (0.95)  pounds  (0.430  kilos)  each.  Of 
these  spheres  so  many  shall  be  used  as  will  bring  the  collective  weight  of 
the  large  and  small  spheres  most  nearly  to  three  hundred  (300)  pounds, 
provided  that  no  small  sphere  shall  be  retained  in  use  after  it  has  been 
worn  down  so  that  it  will  pass  a  circular  hole  one  and  seventy-five- 
hundredths  (1.75)  inches  in  diameter,  drilled  in  a  cast-iron  plate  one- 
fourth  (J)  inch  in  thickness  or  weigh  less  than  seventy-five-hundredths 
(0.75)  pounds  (0.34  kilos).  Further,  the  small  spheres  shall  be  tested  by 
passing  them  over  such  an  iron  plate  drilled  with  such  holes,  or  shall  be 
weighed  after  every  ten  (10)  tests,  and  any  which  pass  through  or  fall 
below  specified  weight,  shall  be  replaced  by  new  spheres,  and  provided, 
further,  that  all  of  the  small  spheres  shall  not  be  rejected  and  replaced  by 
new  ones  at  any  one  time,  and  that  so  far  as  possible  the  small  spheres 
shall  compose  a  graduated  series  in  various  stages  of  wear.  At  any  time 
that  any  sphere  is  found  to  be  broken  or  defective  it  shall  at  once  be 
replaced. 

(b)  The  iron  composing  these  spheres  shall  have  a  chemical  composi- 
tion within  the  following  limits: 

Combined  carbon Not  less  than  2.50  per  cent. 

Graphitic  carbon Not  more  than  o.io  per  cent. 

Silicon Not  more  than  i  per  cent. 

Manganese Not  more  than  0.50  per  cent. 

Phosphorus Not  more  than  0.25  per  cent. 

Sulphur Not  more  than  0.08  per  cent. 
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For  each  new  batch  of  spheres  used  the  chemical  analysis  must  be 
furnished  by  the  maker,  or  be  obtained  by  the  user,  before  introduction 
Into  the  charge,  and  unless  the  analysis  meets  the  above  specifications, 
the  batch  of  spheres  shall  be  rejected. 

Brick  Charge. 

The  number  of  bricks  per  charge  shall  be  ten  (lo)  for  all  bricks  of  the 
so-called  "block  size"  whose  dimensions  fall  between  from  eight  (8)  to 
nine  (9)  inches  in  length,  three  (3)  and  three  and  three-fourths  (3!) 
inches  in  breadth  and  three  and  three-fourths  (3^)  and  four  and  one- 
fourth  (4J)  inches  in  thickness.  No  block  should  be  selected  for  test 
that  would  be  rejected  by  any  other  requirements  of  the  specifications. 

The  brick  shall  be  clean  and  dried  for  at  least  three  (3)  hours  in  a 
temperature  of  one  hundred  (100)  degrees  Fahrenheit  before  testing. 

Speed  and  Duration  of  Revolution. 

The  rattler  shall  be  rotated  at  a  uniform  rate  of  not  less  than  twenty- 
nine  and  one-half  (29^)  nor  more  than  thirty  and  one-half  (30^)  revolu- 
tions per  minute,  and  eighteen  hundred  (i  ,800)  revolutions  shall  constitute 
the  standard  test. 

A  counting  machine  shall  be  attached  to  the  rattler  for  counting  the 
revolutions.  A  margin  of  not  to  exceed  ten  (10)  revolutions  will  be 
allowed  for  stopping.  Only  one  (i)  start  and  stop  per  test  is  regular  and 
acceptable. 

Calculation  of  the  Results. 

The  loss  shall  be  calculated  in  percentage  of  the  original  weight  of 
the  dried  brick  composing  the  charge.  In  weighing  the  rattled  brick, 
any  piece  weighing  less  than  one  (i)  poimd  shall  be  rejected. 

Records. 

(a)  The  operator  shall  keep  an  official  book,  in  which  the  alternate 
pages  are  perforated  for  removal.  The  record  shall  be  kept  in  duplicate, 
by  use  of  a  carbon  paper  between  the  first  and  second  sheets,  and  wht-n  all 
entries  are  made  and  calculations  are  completed  the  original  record  shall 
lie  removed  and  the  carbon  duplicate  preserved  in  the  book.  All  calcula- 
tions must  be  made  in  the  .space  left  ft)r  that  purjiose  in  the  record  blank, 
and  the  actual  figures  must  apj)car.  The  record  must  K'ar  its  serial  niitu- 
licr  and  l)c  filled  out  completely  U)T  each  test,  and  all  data  as  to  dates 
of  inK|)CCtion  and  weighing  of  shot  and  rei)lacemcnt  of  worn-out  p.irls 
muMt  l«  carefully  entered,  so  that  the  records  remaining  in  the  book 
conNtitute  a  continuous  one.  In  event  of  further  copies  of  a  record  being 
needed,  they  may  be  furnished  on  separate  sheets,  but  in  no  case  sludl 
th«  original  carbon  copy  be  removed  from  the  record  book. 

(b)  The  blank  form  upon  which  the  record  of  all  official  brick  tests 
b  to  b«  kept  aad  reported  is: 
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REPORT  OP 
STANDARD  RATTLER  TEST  OF  PAVING  BRICK 

Identification  Data  Serial  No, 

Name  of  the  firm  furnishing  sample 

Name  of  the  firm  manufacturing  sample 

Street  or  job  which  sample  represents 

Brands  or  marks  on  the  brick 

Quantity  furnished Drying  treatment 

Date  received ^ Date  tested 

Length Breadth Thickness 

Standardization  Data 
Number  of  charges  tested  since  last  inspection 


Weight  of  Charge 
(After  Standardization) 

Condition  of  Locknuta 
on  Staves 

Condition  of  Scales 

10  Large  spheres 
Small  spheres 
Total 

Number  of  charges  tested  since  stave  linings  were  renewed 
Repairs  (Note  any  repairs  affecting  the  condition  of  the  barrel) 


Running   Data 

Time  Readings 

Revolution  Counter 
Readings 

Running  Notes- 
Stops,  etc. 

Hours 

Minutes 

Seconds 

Beginning  of  test . 
Final  Reading 

Weights  and  Calculations 


Initial  Weight  of  10  Bricks. . .  j 

Final  Weight  of  Same I 

i- 
Loss  of  Weight ! 


Percentage  Loss 
(Note. — The  Calculation  Must  Appear) 


Number  of  broken  bricks  and  remarks  on  same. 


I  certify  that  the  foregoing  test  was  made  under  the  specifications  of 


.and  is  a  true  record. 


(Signature  of 

Tester) 


Date.. 


Location  of  Laboratory 
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For  the  use  and  convenience  of  others,  a  drawing  of  a  machine 
which  meets  the  above  specifications  is  furnished  herewith.  It  is 
not  a  part  of  the  specifications.     It  is  important,  however,  in  the 


Fig.  9. 

opinion  of  the  writers,  that  uniformity  in  apparatus  and  equipment 
shall  prevail  to  the  largest  possible  extent,  as  an  aid  in  securing 
uniformity  of  results,  and  close  adherence  to  the  type  of  machine 
here  presented  is  therefore  greatly  to  be  desired. 


NEW  TYPES   OF  IMPACT  TESTING   MACHINES  FOR 
DETERMINING  FRAGILITY  OF  METALS. 

By  T.  Y.  Olsen. 

The  impact  test  of  steel,  although  recognized  as  one  of  the 
most  important,  and  essential  for  determining  the  highest  quality 
of  a  steel,  is  but  little  used  commercially.  No  standards  or  speci- 
fications have  been  formulated,  and  a  number  of  engineers  have 
been  experimenting  along  their  own  lines,  with  their  own  methods 
and  design  of  machines,  in  developing  tests  of  this  character. 
The  advent  of  the  automobile  in  the  past  few  years,  and  the  con- 
sequent development  of  special  and  heat-treated  steel,  has  greatly 
advanced  the  science  of  steel  testing,  and  where  a  couple  of  tests 
would  formerly  have  sufficed,  we  now  have  a  large  variety,  with  the 
tendency  at  present  toward  the  most  severe  test,  that  of  impact. 

With  reference  to  the  method  and  type  of  specimen,  impact 
testing  may  be  divided  into  two  general  groups : 

1.  Breaking  a  nicked  specimen  over  a  die  as  a  beam. 

2.  Breaking  a  nicked  sjjecimen  over  an  anvil  as  a  cantilever. 
The  first  method  was  devised  by  Mr.  Christian  Fremont  of 

France,  to  whom,  more  than  any  one  man,  is  due  the  advance- 
ment of  impact  or  shock  testing.  The  specimen  used  is  8  by  lo 
mm.  in  section  and  30  mm.  long,  having  a  nick  i  mm.  wide  by  i 
mm.  deep  across  the  wider  face.  The  die  is  21  mm.  long.  This 
size  of  specimen  and  die  is  ideal,  as  the  impact  is  confined  to  a 
very  small  surface.  Valuable  data  can  be  obtained  from  the 
deformation  of  the  broken  specimen. 

Various  steels  and  treatments  thereof  have  what  may  be 
termed  a  critical  speed  of  impact.  Within  this  speed  limit,  the 
work  required  to  rupture  a  specimen  will  more  or  less  vary,  while 
beyond,  it  remains  a  constant,  independent  of  any  further  increase 
in  speed.  With  this  in  view  Mr.  Fremont  made  numerous  experi- 
ments, and  determined  upon  a  height  of  4  meters  as  the  best  drop 
for  the  hammer  of  his  impact  testing  machine  to  develop  a  speed 
that  would  be  sufficient  to  eliminate  speed  as  a  factor  in  the  test. 

The  difficulty  in  any  impact  testing  machine  of  this  type  is 

(815) 
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to  measure  the  work  required  to  cause  rupture.  This  Mr. 
Fremont  does  by  absorbing  with  springs  the  work  left  in  the  ham- 
mer after  breaking  the  specimen,  and  measuring  their  compression. 
This  method  gives  good  results,  but  great  care  is  required  in  the 
adjustment  of  the  instrument  which  measures  the  motion  of  the 
springs. 

Another  impact  testing  machine  of  this  t\'pe  has  been  devised 
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in  which  a  pendulum  weight  used  to  apply  impact  is  allowed  to 
pass  through  the  die  after  breaking  the  specimen  and  the  work 
left  in  the  j)cn(lulum  recorded.  This  has  the  disadvantage  of 
necessitating  a  wider  die  to  allow  the  pendulum  weight  to  i)uss 
through,  and  it  makes  a  large  and  massive  machine. 

The  second  methcxl  of  impact  testing,  that  of  breaking  llic 
specimen  over  an  anvil  as  a  cantilever,  is  the  one  I  wish  to  dc- 
Bcribe  more  fully,  as  well  as  a  new  machine  of  this  type. 
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In  this  test,  as  in  the  Fremont,  the  impact  is  confined  to  a 
very  small  surface,  and  by  using  a  pendulum  to  apply  the  impact, 
the  work  required  to  break  a  specimen  can  readily  be  accurately 
recorded. 

A  machine  of  this  type  can  be  designed  for  any  desired  height 
of  fall  and  weight  of  hammer.  The  machine  illustrated  in  Fig.  i 
was  designed  with  a  hammer  of  ;^^^  lbs.  weight  and  a  fall  of  3  ft., 
thus  giving  to  the  specimen  an  impact  of  100  ft.  lbs. 

The  speed  of  impact  under  these  conditions  is  not  such  as  to 
eliminate  entirely  the  speed  of  impact  as  a  factor,  as  previously 
described,  but  is  quite  sufficient  to  determine  the  fragility  of  one 
steel  as  compared  with  another,  when  tested  under  this  speed. 
This  is  especially  true  when  it  is  considered  that  the  results  of 
this  or  any  other  impact  test  are  arbitrary,  and  the  units  of  one 
cannot  be  compared  with  those  of  any  other  unless  the  same  con- 
ditions are  obser\'ed. 

While  a  machine  of  this  t}'pe  could  readily  be  designed  to  give 
considerably  greater  speed  of  impact,  the  advantage  would  be 
small  compared  with  the  ease  and  rapidity  of  operation,  the  com- 
pactness, and  the  small  cost  of  the  machine  as  designed,  all  of  which 
are  points  to  be  considered  in  making  an  impact  test  available  for 
general  testing. 

In  this  machine,  the  specimen  is  either  10  mm.  square,  8  mm. 
by  10  mm.,  f  in.  square,  or  less,  nicked  on  the  widest  face  by  a 
notch  I  mm.  wide  by  i  mm.  deep.  Referring  to  Fig.  i,  the  speci- 
men is  clamped  against  a  tool -steel  abutment  by  means  of  a  jaw 
firmly  tightened  with  a  screw  and  hand- wheel.  The  hammer  is 
held  suspended  by  a  latch  which  is  released  by  pulling  a  handle. 
The  hammer,  after  breaking  the  specimen,  swings  upward  carr)-- 
ing  the  pointer  with  it.  In  this  way  the  work  required  to  break 
the  specimen  is  indicated  directly  on  the  graduated  scale. 

The  swaying  of  the  hammer,  after  breaking  the  specimen,  is 
stopped  by  means  of  a  chain  brake.  The  hammer  is  raised  to  the 
top  and  latched  by  turning  the  spider  wheel  at  the  back  of  the 
machine.  The  spider  wheel  is  so  designed,  that  when  released 
after  raising  the  hammer,  it  automatically  moves  back  to  its 
original  position  and  is  thus  out  of  contact  with  the  hammer  on  its 
downward  stroke. 

The  breaking  tool  is  in  the  center  of  the  hammer,  and  is  of 
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such  form  and  so  inserted  that  it  can  readily  be  removed  and 
replaced.  The  general  construction  and  characteristics  of  the 
machine  are  so  simple  and  apparent  from  the  illustration  that  I 
do  not  think  any  further  description  is  necessar}\  The  machine 
has  a  length  of  4  ft.  3  ins.,  a  breadth  of  i  ft.  4  ins.,  and  a  height 
of  4  ft.,  and  is  therefore  of  reasonable  dimensions  for  easy  hand- 
ling and  quick  operation. 


A  NEW  TYPE  OF  AUTOGRAPHIC  TRANSVERSE  TEST- 
ING MACHINE  FOR  RESEARCH  TESTING  OR 
REGULAR  FOUNDRY  PRACTICE. 

By  T.  Y.  Olsen. 

The  transverse  test  is  most  often  used .  in  general  foundry 
practice  to  determine  the  physical  characteristics  of  cast  iron. 
The  tension  test  is  also  largely  used,  but  it  requires  a  heavier  and 
more  expensive  machine;  and  owing  to  the  brittleness  of  cast  iron, 
the  specimen  must  be  specially  prepared  and  great  care  taken  in 
gripping  it  in  the  machine  if  the  best  results  are  to  be  obtained. 

The  transverse  specimen,  however,  requires  no  machining. 
It  is  usually  either  i^  ins.  in  diameter  or  i  by  i  in.  in  section  with 
i2-in.  span,  or  i  by  2  ins.  in  section  with  24- in.  span.  The  former 
size  has  been  most  generally  adopted.  The  transverse  breaking 
load  is  then  approximately  one-tenth  of  the  ultimate  tensile  load  of 
the  same  cast  iron.  The  specimens  are  easily  cast.  The  machines 
for  testing  them  are  small,  compact,  and  inexpensive,  so  that  they 
are  well  within  the  reach  of  any  foundry  interested  in  the  quality 
of  its  daily  output. 

The  foundry  transverse  testing  machines  in  use  at  the 
present  time  give  the  breaking  load  very  accurately,  as  well  as 
automatically  note  "the  deflection  of  the  specimen  by  means  of 
a  pointer  moving  in  the  arc  of  a  circle  over  a  graduated  scale. 
The  results  thus  obtained  are  very  good  so  far  as  they  go,  but  to-day 
there  is  a  demand  for  a  more  complete  machine,  one  that  will 
automatically  record  the  stress- strain  diagram  to  such  a  scale  that 
the  deflection  for  any  given  load  may  be  read  to  a  thousandth  of 
an  inch.  Any  slight  variation  in  the  strength,  stiffness,  or  other 
property  of  the  test  specimen,  due  to  a  difference  in  composition  or 
treatment,  can  thus  be  quickly  and  conclusively  determined. 

From  a  practical  view  point,  it  is  essential  that  an  autographic 
transverse  testing  machine  shall  be  adapted  to  the  test  bar  used  in 
general  practice  and  that  it  shall  be  so  arranged  as  to  automatically 
trace  the  stress-strain  diagram.     It  must  also  be  simple  in  con- 
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struction  and  of  moderate  cost.  To  cover  these  various  points,  a 
pendulum  balance  system  of  weighing  was  adopted  as  being  the 
most  sensitive  and  accurate  automatic  weighing  device  available. 

Fig.  I  illustrates  the  general  appearance  of  a  completed 
machine  of  5,000  lbs.  capacity  for  testing  a  i  by  i-in.  specimen 
on  a  12-in.  span.  A  larger  machine  of  5,000  lbs.  capacity  for 
testing  a  i  by  2-in.  specimen  on  a  24-in.  span  is  similar  in  all 
respects  to  the  smaller  machine. 


Fio   I. — Autographic  Transverse  Testing  Machine. 

The  specimen  is  placed  in  the  machine  as  shown  and  the  load 
applied  by  the  screw  and  hand  wheel.  The  pressure  on  the  speci- 
men is  transmitted  through  a  lever  system  to  a  weighted  pendulum 
and  raises  the  pendulum,  which  automatically  weighs  the  load  on 
the  graduated  arc  beneath  the  bed  of  the  machine.  'I'he  pendulum 
is  so  constructed  that  its  weight  can  readily  be  changed  by  the 
addition  of  side  pieces,  so  that  the  machine  may  be  used  with  a 
capacity  of  cither  2,500  or  5/xx>  lbs.,  depending  u])on  the  strength 
of  the  sample  being  tested. 
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The  motion  of  the  pendulum  rotates  the  autographic  drum, 
so  that  the  load  on  the  specimen  is  measured  as  the  abscissa  of  the 
diagram. 

The  deflection  is  measured  by  the  motion  of  a  follow  pin  placed 
directly  beneath  the  center  of  the  specimen.  This  pin  is  connected 
to  the  recording  pencil  in  such  a  manner  that  the  motion  of  the  pencil 
is  vertical,  and  is  multiplied  twenty  times;  i.  e.,  the  ordinates  of 
the  curve  measure  the  deflection. 

The  curve  sheet  is  5  ins.  square,  the  abscissas  reading  to  a 
maximum  deflection  of  I  in.,  so  that  a  deflection  of  o.ooi  in. 
(0.02  in.  on  the  diagram)  may  easily  be  approximated. 

The  pen  is  held  against  the  recording  drum  by  a  very  light 
torsion  on  the  cord  attached  to  the  pen  carriage.  The  curve  sheet 
is  held  on  the  revolving  drum  by  clips,  and  both  drum  and  pencil 
may  be  so  adjusted  that  the  pencil  will  commence  to  trace  the  curve 
at  the  zero  point  of  the  curve  sheet. 

A  series  of  pawls  operate  to  catch  the  pendulum  in  the  rack 
when  the  specimen  breaks.  The  pendulum  is  released  and 
returned  to  its  initial  position  by  turning  a  knob  shown  in  the 
illustration. 

The  machine  is  easy  to  operate,  and  but  little  more  time  is 
required  to  make  the  autographic  test  than  one  determining  only 
the  maximum  load  and  maximum  deflection.  The  machine  is  also 
more  accurate  than  a  plain- lever  machine,  in  that  the  load  may  be 
applied  uniformly  without  stopping  to  weigh  it,  which,  if  done  on  a 
lever  machine,  requires  two  operators,  whereas  only  one  is  required 
in  the  use  of  the  autographic  machine. 

The  stress-strain  curve  makes  a  record  which  can  readily 
•be  filed  away  for  future  reference. 


A  NEW  METHOD  OF  TESTING  THE  ENDURANCE  OF 
CASE-HARDENED    GEARS    AND    PINIONS. 


By  J.  S.  ;Macgregor  and  Bradley  Stoughton. 

There  was  presented  to  us  the  problem  of  testing  the  service 
durability  of  a  case-hardened  pinion  and  gear  as  compared  with 
one  having  uniform  composition  and  hardness  throughout.  In 
Figs.  I  and  2  is  shown  the  general  construction  of  the  metal  of  the 
case-hardened  material.  The  outside  skin  was  carbonized  in 
varying  degrees  (diminuendo),  as  indicated  by  the  following  analy- 
ses in  carbon  taken  at  different  points,  shown  in  Fig.  2 : 

A I  •  009  per  cent. 

B 0.710     "       " 

C 0.408     " 

D 0.213     "       " 


FE 


Fig.  I. 


Fig.  2. 


The  other  pinion  had  uniform  analysis  in  carbon,  about 
equivalent  to  the  analysis  at  point  C  of  the  case-hardened  pinion. 
Both  pinions  were  heat-treated  by  s|)ccial  jyrocesscs,  but  it  is 
obvious  that  the  surface  hardness  of  the  case-hardened  pinion 
would  be  much  greater  and  the  hardness  of  the  interior  portion 
would  be  much  less  than  that  of  the  unrarboni/.ed  metal.  Tests 
of  hardness  bv  ihr  nrindl,  Shore,  and  Turner  methods  conrinnpd 
this  prediction 
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It  yet  remained,  however,  to  prove  which  material  would  give 
the  greatest  resistance  to  strains  in  service  other  than  attrition. 
Pinions  and  gears  subjected  to  the  kind  of  service  for  which  these 
were  intended,  if  they  ever  fail  by  fracture,  do  so  by  the  breaking 
off  of  a  tooth  at  the  base,  and  therefore  tensile  specimens  as  shown 


Fig.  3. 

in  Fig.  3  were  cut  as  near  the  base  of  the  teeth  as  possible  At 
first,  specimens  were  cut  by  means  of  emery  wheels,  etc.,  at  the 
point  marked  A  in  Fig.  4.  With  the  case-hardened  pinion,  how- 
ever, this  tensile  test  failed  to  disclose  the  true  tensile  properties 


Fig.  4. 

of  the  metal  because  the  hardened  surface  cracked  off  as  soon  as 
the  steel  began  to  stretch,  leaving  an  undue  strain  on  the  interior. 
Therefore,  tensile  specimens  were  cut  at  the  point  marked  B  in 
Fig.  4,  by  which  only  the  properties  of  the  interior  were  tested. 
As  might  be   expected,  the   higher-carbon,  uniform-composition 
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steel,  showed  less  ductility  and  greater  strength  than  the  softer 
metal  in  the  interior  of  the  case-hardened  specimens. 


Fig.  s. 

A  static  test  was  then  made  by  cutting  out  sections  of  the 
pinions  as  shown  in  Fig.  5  and  loading  the  teeth  at  the  point  of 

maximum  strain  in  service  by  means 
of  an  ordinary  compression-testing 
machine.  The  case-hardened  ])inions 
showed  a  high  degree  of  toughness 
under  this  test,  but  not  as  great  ulti- 
mate strength.  The  results  of  this 
test  implied,  however,  that  the  metal 
would  be  stronger  under  an  imj)act 
lest  than  the  harder  steel  of  the  other 
pinion. 

In  an  endeavor  to  .so  test  the 
quality  of  each  with  resjiect  to  its  re- 
sistance to  shock,  we  determined   to 


Pio.  6. 


employ  the  Frdmont  testing  machine,  in  which,  as  is  well  known 
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Pirecfion  of  impact 
in  drop  test 


to  the  members  of  this  Society,  the  maximum  resistance  offered 
to  a  falling  weight  having  sufficient  force  to  break  the  specimen, 
is  registered  on  a  dial  attached  to 
the  machine.  The  first  specimens 
tested  were  in  the  form  of  sections 
\  in.  thick,  cut  from  the  pinions 
and  gear  as  shown  at  F  in  Fig.  6. 
The  form  of  these  sections  is  shown 
in  Fig.  7.  In  order  to  test  them  in 
the  Fremont  machine,  certain  me- 
chanical changes  had  to  be  made 
in  the  apparatus,  but  it  was  soon 
learned  that  specimens  of  this  shape  would  not  give  a  representa- 
tive test,  because  it  was  impossible  to  deliver  the  blow  with  suffi- 
cient accuracy  and  directness  to  always  break  off  the  tooth  at 
the  base  and  prevent  any  sidewise  or  glancing  impact.  Specimens 
were  therefore  finally  cut  as  shown  in  Fig.  8,  and  in  the  modified 


Fig.  7. 


Fig.  8. 


form  of  the  Fremont  machine,  proved  to  be  all  that  had  been 
hoped  for  as  a  means  of  testing  the  endurance  of  the  material 
against  sudden  blows  and  shocks.  Since  many  gears  and  pinions 
are  ordinarily  subjected  to  shock  strains  of  this  character,  the 
authors  hope  that  some  light  may  be  thrown  on  the  problem  by 
the  publication  of  their  researches,  and  that  those  who  have  solved 
it  in  a  different  way  may  be  persuaded  to  give  the  benefit  of  their 
experience  for  the  sake  of  the  practical  importance  of  this  subject 
in  mechanical  engineering. 


DISCUSSION. 


Mr.  Johnson.  Mr.  C.  W.  Johnson. — This  paper  is  very  interesting  indeed, 

but  several  of  us  have  been  waiting  to  see  the  comparative 
results  between  unhardened  and  case-hardened  material.  That 
is  a  matter  that  has  been  up  many  times  within  the  last  year 
or  two. 

Mr.  stonghton.  Mr.  Bradley  Stoughton. — We  did  not  wish  to  be  placed 

in  a  position  of  advertising  one  form  of  pinion  or  the  other. 
Our  purpose  was  rather  to  describe  a  method  of  testing  these 
pinions.  I  will  say,  however,  that  the  case-hardened  pinion 
under  impact  gave  greater  strength  than  the  pinion  of  uniform 
composition.  I  did  not  put  the  figures  in  this  paper,  but  if 
they  are  of  sufficient  interest  I  can  give  them. 

The  President.  TiiE  PRESIDENT. — I  think  it  will  add  Very  greatly  to  the 

interest  of  the  paper  if  you  will,  Mr.  Stoughton. 

Mr.  Stonghton.  Mr.  Stoughton. — The  registration  by  the  machine  in  the 

case  of  the  case-hardened  pinion  was  509.9,  and  in  the  other  case 
488.2.  The  first  of  these  specimens  was  o.i 24  in.  wide;  the  other 
was  0.126  in.  wide.  Multiplying  so  as  to  get  the  equivalent 
over  the  whole  width  of  the  toolh  gave  in  one  case  20,560  ft.  lbs., 
and  in  the  other  19,370  ft.  lbs.  Of  course  it  would  be  very 
desirable  if  we  could  have  some  form  of  machine  strong  enough 
to  break  the  whole  tooth.  As  you  no  doubt  know,  the 
ordinary  method  of  testing  case-hardened  pinions  now  is  to  hit 
them  with  a  sledge  and  see  how  many  blows  can  be  struck  before 
they  break.  Sometimes  a  hrge  tup  is  dropped  on  the  corner 
of  the  tooth  in  order  to  see  whether  it  breaks  off  or  not.  If 
we  had  a  registering  machine  big  enough  to  break  olT  the 
whole  tooth  at  once,  I  think  it  would  be  much  better  than  to 
be  confmed  to  a  small  specimen;  but  we  did  the  best  we  could 
by  taking  the  small  size  and  multiplying  it.  The  figures  given 
represent  only  one  test  on  each  tooth.  The  dilTcrence  between 
the  two  tests  might  be  within  the  limits  of  error  of  the  machine. 
I  wish  to  say  that  in  this  particular  test  the  case-hardened 
tooth  broke  off  Bonicwhat  slowly,  and  was  somewhat  ductile. 
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In  the  case  of  the  other  pinion  the  break  was  much  more  rapid.  Mr.  Stoughton. 
It  was  more  brittle,  and  the  whole  section  was  thrown  out  of 
the  machine  by  the  violence  of  the  shock. 

Mr.  G.  L.  Fowler.— I  have  been  particularly  interested  Mr.  Fowler, 
in  this  matter  of  broken  gears  and  have  done  considerable 
work  of  investigation  with  regard  to  it.  Many  breakages  have 
occurred  along  the  lines  shown  in  Fig.  i.  For  two  or  three 
years  they  were  apparently  inexplicable.  Test  pieces  of  metal 
taken  from  the  point  of  the  tooth  down  were  apparently  up 
to  the  requirements  of  the  work,  and  in  an  inspection  of  the 
pinions  no  defect  could  be  detected.  In  order  to  determine 
the  cause  the  end  of  the  tooth  was  carefully  polished,  and 
then  by  using  a  microscope  an  inkling  of  the  trouble  was 
obtained.    There  was  a  zone  of  bad  metal  all  the  way  around, 
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Fig.  I. 


Fig.  2. 


about  on  the  line  AA,  Fig.  i.  The  cracks  started  at  the  root 
of  the  tooth  and  came  down  on  the  border  line  of  the  good 
and  bad  metal  as  shown  in  the  photograph,  Fig.  3.  On  one 
side  the  metal  was  full  of  blowholes,  too  small  to  be  seen 
with  the  naked  eye;  while  on  the  other  side  the  material  was 
perfectly  sound.  However,  by  a  very  careful  inspection  of 
spots  where  the  bad  metal  did  not  seem  to  exist,  I  found  a 
fine  crack  at  the  root  of  the  tooth  on  some  of  the  pinions  that 
had  been  case-hardened.  On  subjecting  this  to  a  magnifica- 
tion of  eighteen  or  twenty  diameters,  I  still  felt  a  little  uncer- 
tain as  to  whether  it  was  really  a  crack,  and  whether  I  could 
show  anybody  else  where  it  was.  I  therefore  took  the  specimen 
to  the  machine  shop  and  worked   it  out  myself  by  carefully 
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Mr.  Fowler.  Cutting  out  the  metal  on  each  side  of  and  beneath  the  crack. 
After  I  had  worked  it  up  to  where  the  crack  as  I  supposed  actu- 
ally existed,  the  metal  dropped  apart  in  my  hands,  and  showed 
the  markings  of  a  most  beautiful  heat  crack,  evidently  the 
result  of  bad  heat  treatment. 

There  is  another  thing  about  actual  service  that  I  believe 
would  not  show  from  the  test  of  a  pinion  tooth  in  the  laboratory. 
A  pinion  at  the  end  of  the  armature  shaft  has  never  an  equal 
bearing  throughout  the  whole  length  of  the  tooth.    The  armature 


Fig.  3. 


shaft  will  always  spring  away  a  little  from  the  gear,  and  the  axle 
of  course  will  always  spring  a  little  due  to  the  weight  of  the 
car  on  the  outside  and  the  pressure  of  the  armature  shaft  against 
it;  with  the  result  that  there  is  a  nuich  heavier  bearing  against 
the  inside  end  of  the  pinion  than  against  the  outside  end.  If 
there  is  bad  metal  in  there,  or  if  there  is  a  little  crack,  it  will 
make  itself  felt  until  a  fracture  in  detail  occurs,  and  one  can 
guard  against  such  defects  only  by  the  most  careful  heat  treat- 
ment in  every  detail. 

There  was  another  interesting  case  of  breakage  of  pinions. 
This  was  not  in  connection  with  teeth,  yet  it  shows  how 
careful  wc  have  to  be  in  these  matters.    This  fracture  is  shown 
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in  Fig.  2.  The  failure  occurred  through  the  center  of  the  key-  Mr.  Fowler, 
way,  never  from  the  corner  where  there  was  a  very  small  fillet 
of  about  irs^-in.  radius.  The  breakages  always  occur  through 
there,  and  of  course  I  thought  them  due  to  bad  metal.  But 
when  the  metal  was  examined,  which  metal,  if  I  understand 
rightly,  was  very  similar  to  that  which  Mr.  Stoughton  has 
spoken  of,  there  was  nothing  to  find  fault  with.  An  examination 
into  the  method  of  heat  treatment  found  it  to  be  beyond  criti- 
cism. Then  I  asked  the  question,  "How  did  you  put  those 
pinions  on  the  shaft?"  The  answer  was,  "  We  slipped  them  on 
the  shaft,  gave  them  three  or  four  blows  with  a  sledge,  tightened 
up  the  nut  and  let  them  go."  I  took  the  pinion  and  polished 
the  whole  surface  of  the  tooth  down  to  the  key- way,  as  shown 
in  Fig.  2,  drew  some  lines  as  shown  and  measured  them 
carefully,  and  then  handed  the  pinion  to  the  man  and  told 
him  to  drive  it  into  position.  He  hit  it  six  or  seven  blows 
with  a  i2-lb.  sledge.  Under  ordinary  conditions  the  working 
stress  on  this  metal  with  the  highest  rate  of  acceleration  was 
19,000  lbs.  per  sq.  in.  When  he  had  driven  the  pinion  on  I 
measured  the  parallel  lines,  noted  the  increase  in  length,  and 
computed  the  unit  stress  on  the  metal.  The  stress  had  jumped 
to  about  56,000  lbs.  per  sq.  in.;  its  elastic  limit  was  70,000 
lbs.  per  sq.  in.  The  result  was  that  the  pinion  could  not 
help  breaking  when  put  into  service.  The  question  was, 
"What  are  you  going  to  do  about  it?"  We  are  not  allowed 
to  heat  these  pinions  in  a  furnace  and  shrink  them  on,  so  we 
decided  to  boil  them.  The  pinion  was  boiled  in  hot  water  a 
a  couple  of  hours,  so  as  to  insure  uniform  heating  and  then  put 
on  and  tightened  up.  We  found  the  stress  along  these  three  or 
four  lines  to  be  almost  exactly  uniform,  running  about  29,000 
to  31,000  lbs.  per  sq.  in.  That,  with  19,000  lbs.  per  sq.  in.  added 
for  acceleration,  gives  an  ample  margin  of  safety.  We  proceeded 
to  put  the  pinions  on  in  that  way,  and  had  no  further  trouble;  but 
after  I  had  one  shrunk  on  and  measured,  I  handed  it  back  to  our 
brutalizer,  and  told  him  to  drive  it  up  to  the  old  place.  He  did 
so,  and  I  then  found  a  stress  at  line  (i)  of  about  52,000  lbs.  per 
sq.  in.  On  line  (2)  I  found  a  stress  of  about  48,000  lbs.  per  sq. 
in.,  while  on  line  (4)  the  stress  was  about  down  to  the  original 
stress,  showing  that  the  brutal  effect  of  driving  the  pinion  on  had 
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stretched  the  metal  immediately  around  the  key-way,  and  had 
left  the  metal  on  the  outside  apparently  unstretched.     By  treat- 
ing the  .piece  of   steel   as   it    should   be  treated,  we  had  no 
further  trouble  about  breaking. 
Mr.  stoughton.  Mr.   Stoughton. — I  just  want   to  Say  that   those   were 

forged  pinions,  and  that  fact  no  doubt  accounts  for  our  not 
finding  any  blowholes  in  them  at  that  point.  That  might  be 
of  interest. 

Mr.  Fowler. — I  wish  to  say  that  ours  were  too, 
A  number  of  years  ago  I  was  investigating  the  qualities 
of  different  types  of  steel  tires  on  the  market,  and  I  wanted  to 
get  some  information  especially  relating  to  resistance  to  abrasion. 
I  went  to  the  Carborundum  Company,  told  them  what  I 
wanted  to  do,  and  they  recommended  a  wheel  for  the  purpose. 
I  had  obtained  samples  of  all  the  tires  and  all  the  steel  wheels 
made  in  this  country.  The  samples  used  were  cylindrical,  ^  in. 
in  diameter,  taken  from  the  tread  down  into  and  through  the 
wheel  or  tire.  I  started  to  grind  them  with  a  wheel  which  was 
turning  at  the  rate  of  about  1,200  r.  p.  m.  When  I  commenced 
grinding  I  took  note  of  the  number  of  revolutions  required  to 
grind  off  each  f  in.  from  the  tread  of  the  wheel  down  into  the 
metal.  After  starting,  the  number  of  revolutions  required  to 
grind  off  this  |  in.  began  to  increase,  and  when  I  got  ^  in. 
down  into  the  section  the  number  of  revolutions  reached  its 
highest  and  then  began  to  drop.  When  I  commenced,  I  had 
three  specimens,  taking  off  |  in.  of  each  in  rotation.  When  I 
had  taken  off  about  ^  in.  I  put  on  the  fourth  specimen,  putting 
it  in  rotation  with  the  other  three.  The  number  of  revolutions 
for  the  fourth  specimen  started  to  increase  while  the  others 
were  dropping.  Others  were  put  in  afterward  and  they  all 
increased,  giving  a  curve  of  the  form  shown  in  Fig.  4.  This 
showed  that  the  resistance  to  abrasion  in  each  case  was  the 
greatest  at  J  in.  below  the  surface  of  the  wheel,  and  the 
method  of  grinding  did  away  with  all  suspicion  of  wheel 
glazing. 

In  reference  to  gears,  we  had  a  great  deal  of  trouble  a  few 
years  ago  with  some  gears  wearing  out  very  rapidly.  We 
charged  it  all  to  the  quality  of  the  metal.  Of  course,  that  is 
usually  the  first  thing  done, — to  put  the  blame  on  the  manu- 
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facturer.     But  the  metal  when  tested  was  found  to  be  all  right.  Mr.  Fowler. 
Then  the  next  thing  was  to  inquire  as  to  the  conditions  under 
which  the  gears  were  working.    A  number  of  years  ago  Mr.  For- 
ney, in   speaking  before   the   Master  Mechanics'  Association, 
made  the  statement  that  if  they  would  allow  him  to  take  any 
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locomotive  and  paint  the  smokestack  sky  blue  and  then  let 
him  conduct  a  test  he  would  show  a  saving  of  10  per  cent,  in 
fuel  as  against  any  other  locomotive.  So,  I  say,  if  you  will 
give  me  the  gears  and  let  me  conduct  a  test  on  them  I  can  show 
that  any  gear  selected  will  give  the  best  service. 

In  the  case  referred  to  we  had  four  different  kinds  of  metal 
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Mr.  Fowler,  in  our  gears  and  pinions.  I  took  a  sample  of  each  gear  and  had 
their  surfaces  put  into  identical  condition.  I  then  submerged 
them  in  water  and  gave  them  a  constant  rate  of  speed  and 
load  and  started  to  rub  the  several  combinations  of  them 
together.  The  result  was  that  the  wearing  of  those  gears  by  the 
different  kinds  of  metal  coming  together  checked  very  closely 
with  the  wear  of  the  gears  that  we  had  in  service.  I  found  that 
when  two  kinds  of  metal  were  put  together  they  would  wear  very 
rapidly;  but  if  those  same  two  metals  were  rubbed  against  some- 
thing else  the  wear  would  be  entirely  different.  So  we  shifted 
our  gears  around  so  as  not  to  put  those  together  in  which  the 
metal  would  wear  most  rapidly. 

Another  point  we  discovered  was  the  importance  of  proper 
lubrication.  Ordinary  lubricating  oil  is  of  no  use  whatever; 
you  have  to  use  an  oil  that  is  tacky  and  that  will  stick,  so  that 
when  two  gears  come  together  the  grease  is  not  pushed  off  and 
you  do  not  have  two  bare  surfaces  coming  together,  but  two 
surfaces  with  a  film  of  oil  between. 

During  the  past  year  I  have  been  making  some  investiga- 
tions with  regard  to  the  abrasion  of  the  surface  of  brake  shoes 
in  actual  service  on  the  car.  We  found  that  a  brake  shoe  with 
hard  chilled  inserts  wears  out  much  more  rapidly  than  an  ordi- 
nary cast-iron  shoe,  and  that  a  shoe  with  a  steel  filler  also  wears 
very  rapidly.  Taking  these  abrasion  tests  into  consideration,  it 
seems  to  me  therefore  that  the  only  way  you  can  get  satisfactory 
results  is  to  make  the  proper  combination  of  metals;  if  there  is 
trouble,  change  the  combination.  I  feel  after  having  gone 
through  this  work  as  though  I  could  take  my  data  and  by  care- 
ful selection  of  it  prove  almost  anything.  I  am  a  good  deal 
like  the  boy  who  was  put  on  a  horse  to  ride  and  whose  father 
was  a  dealer.  He  was  a  little  uncertain  as  to  the  status  of 
affairs  and  so  leaned  over  to  his  father  and  said:  "Dad,  do  you 
want  me  to  ride  this  horse  to  buy  or  sell?"  That  is  the  way  I 
feel  with  regard  to  many  abrasion  tests. 


STANDARD  TESTS  FOR  DRAIN  TILE  AND  SEWER  PIPE. 
By  a.  Marston. 

Drain  tile  and  sewer  pipe,  to  the  value  of  over  twenty  million 
dollars,  are  produced  annually  in  the  United  States  alone,  and 
are  made  a  vital  part  of  construction  work  whose  cost  often  totals 
several  times  that  of  the  pipe  itself.  Yet  we  have  no  standard 
tests  for  these  important  materials,  the  determination  of  their 
quality  usually  being  left  to  the  varying  notions  of  individual 
engineers,  or  even  to  the  whims  of  ignorant  or  venial  political 
inspectors.  Manifestly  there  is  great  need  for  the  immediate 
adoption  of  standard  tests,  which  shall  develop  with  certainty 
the  true  quality  of  sewer  pipe  and  drain  tile. 

Tests  of  Drain  Tile  and  Sewer  Pipe. — Standard  tests  of  drain 
tile  and  sewer  pipe  must  develop  two  cardinal  qualities: 

{a).  The  bearing  strength  of  the  pipe  under  approximate  ditch 
conditions,  for  which  I  shall  propose: 

1.  A  direct  bearing- strength  test. 

{h).  The  quality  of  the  material  in  the  shell  of  the  pipe  to  resist 
disintegration,  which  I  propose  to  determine  by: 

2.  The  modulus  of  rupture  of  the  material,  calculated  from 

the  data  of  the  bearing-strength  test,  to  show  the  strength 
of  the  material ; 

3.  An  absorption  test  of  the  material,  to  show  its  resistance 

to  the  penetration  and  action  of  destructive  agencies. 

Failures  of  Drain  Tile  and  Sewer  Pipe. — The  need  of 
standard  tests  is  shown  by  the  many  instances  in  which  large 
pipes  are  found  to  be  cracked  when  inspected  in  completed 
sewers  and  drains.  Reputable  engineers,  after  careful  study,* 
ha^  e  stated  deliberately  that  present  practice  in  sewer  construction 
"will  produce  broken  pipe  in  all  the  larger  sizes,"  and  that  "it  is 
unquestionably  a  fact  that  if  careful  investigation  were  made  of 

*  See  Municipal  Engineering,  Vol.  30,  p.  288,  and  Vol.  34,  p.  394,  for  articles  by  A. 
Potter  and  J.  N.  Hazlehurst,  respectively. 

«8  (833) 


834  Marston  on  Drain  Tile  and  Sew^r  Pipe. 

pipe  sewers  of  the  larger  sizes,  an  enormous  amount  would  be 
found  to  be  cracked." 

Recent  in\estigations  by  the  writer*  have  developed  many- 
cases  of  cracked  pipe,  both  in  sewers  and  in  the  large  tile  drains 
which  are  now  so  generally  replacing  the  objectionable  open 
drainage  ditch.  In  several  instances  in  Iowa  these  large  drain 
tile  have  cracked  during  construction,  under  the  weights  of  com- 
paratively shallow  depths  of  ditch  filling,  and  inspections  of  com- 
pleted drains  show  numerous  unsuspected  cracked  tile. 

Theory  of  the  Pressure  of  Ditch  Filling  on  Drain  Tile  and 
Sewer  Pipe. — In  order  to  determine  by  tests  whether  or  not  drain 
tile  and  sewer  pipe  will  be  strong  enough  to  prevent  cracking  when 
used  in  the  ditch,  it  is  necessarv-,  first,  to  develop  a  correct  theory 
of  the  pressure  of  the  ditch  filling  on  the  pipe.  For  several  years 
the  writer,  in  directing  the  tests  of  the  Iowa  Engineering  Experi- 
ment Station,  has  been  giving  careful  study  to  the  subject,  and  a 
theory'  has  resulted,  which  is  still  under  e.xperimental  study  by  the 
Station.f  A  brief  preliminary  statement  is  all  that  we  feel  justified 
in  giving  out  at  this  time. 

The  prism  of  ditch  filling  in  a  unit  length  of  ditch,  above  any 
level,  is  partly  supported  by  friction  against  the  sides  of  the  ditch, 
as  the  material  settles,  and  partly  by  vertical  upward  pressure  from 
below.  Since  there  is  always  some  actual  movement  of  the  ditch- 
filling  material  in  settling,  relative  to  the  sides  of  the  ditch,  no  fac- 
tor corresj)onding  to  the  cohesion  recently  discussed  by  Professor 
Cain  (Trans.  Am.  Soc.  C.  E.,  Vol.  72,  1911)  need  be  considered  in 
calculating  the  maximum  weight,  though  such  a  factor  undoubtedly 
reduces  the  permanent  load  on  the  i)ii)e.  The  mathematical 
discussion  for  calculating  the  average  vertical  pressure  is  the  same 
as  already  published  by  Janssen  for  calculating  the  pressures  in 
grain  bins.  See,  for  e.xamj)le,  Ketchum's  "  Retaining- walls.  Bins, 
and  Grain  Elevators,"  pages  237-239,  for  full  details. 

The  intensity  of  the  vertical  pressure  is  less  at  the  sides  than 
at  the  center  of  the  ditch,  and  the  earth  fill  at  the  sides  of  the  pipe 
is  much  more  compressible  than  the  rigid  unyielding  i)ipe.  Taking 
into  account  imperfect  workmanship,  the  pipe  may  be  called  upon 

*  8m  a  fortbcomiiur  bulletin  of  the  Iowa  Engineering  Experiment  Station,  Atnot,  Iowa, 
oe  "TaaU  ot  Catneat  and  Clay  Drain  Tile  and  Sewer  Pipe." 

t  Praf.  At  N.  Talbot  hat  oivrn  valuable  aeiirtaace  in  correspondence  on  the  lubject. 
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to  carry  practically  the  entire  weight  of  ditch  filling  except  that 
supported  by  friction  against  th*^  sides  of  the  ditch. 

Let  1^'  =  total  weight  on  pipe  per  unit  length; 

V  =  average  intensity  of  vertical  pressure  in  ditch  at  level  of 

top  of  pipe,  per  unit  area; 
Tf  =  weight  of  ditch  filling  per  unit  volume; 
5  =  breadth  of  ditch  at  level  of  top  of  pipe; 
H  =  height  of  ditch  filling  above  top  of  pipe ; 
R  =  mea.n  hydraulic  radius  =areaH- perimeter; 
iC= ratio  of  lateral  to  vertical  earth  pressures. 

Note. — K  may  be  computed  approximately  by  Rankine's 
formula, 

I  —  sin  $ 

^~       '•     '■     a* 
I  +  sin  (f 

where  ^=the  angle  of  internal  friction,  whose  tangent 
is  the  coefficient  of  internal  friction. 

M'  =  coefficient  of  friction  of  ditch  filling  against  sides  of  ditch; 

c=base  of  Naperian  logarithms; 

C=a  coefficient  of  pressure  =  average  vertical  pressure  in 
ditch  per  unit  area,  in  a  ditch  of  unit  width,  under 
ditch  filling  of  unit  weight  per  unit  volume. 

Janssen's  formula  is  as  follows: 


„    /                   Ku'H\ 
wR  (  ^  \ 


B 

For  a  ditch,  R  =  —,  amd  W=BV.    Hence, 

V  =  CwB (i) 

W  =  CwB^ (2) 

Equations  (2)  and  (3)  are  the  ones  to  be  used  in  calculating 
the  weights  of  ditch  filling  which  must  be  carried  by  drain  tile  and 
sewer  pipe. 

Under  the  direction  of  the  writer,  a  series  of  measurements 
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has  been  made  by  the  Iowa  Engineering  Experiment  Station  of  the 
values  of  w,  of  u',  and  of  the  coefficients  of  internal  friction,  for 
various  common  ditch-lilling  materials.  We  are  about  to  make 
final  check  of  the  theor}-  by  a  series  of  actual  weighings  of  pipe  in 
ditches,  while  earning  filling  under  service  conditions.  We  do  not 
wish  to  give  out  any  numerical  results  until  this  final  test  is  com- 
pleted, but  our  results  will  be  published  in  an  immediately  forth- 
coming bulletin  of  the  Station. 
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In  the  meantime  the  general  nature  of  the  law  of  the  relation 
of  the  weight  of  ditch  filling  carried  by  pipe  to  the  height  of  the 
filling  can  be  seen  from  Fig.  i,  which  shows,  with  the  numerical 
scales  omitted,  some  of  our  values  of  C  for  different  materials. 
It  will  be  seen  that  the  weight  on  drain  tile  and  sewer  j)ipe 
increases  vcr>'  little  after  such  depth  is  reached  that  the  height 
of  fill  is  ten  times  the  breadth  of  the  ditch. 
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Iowa  Standard  Tests  of  Drain  Tile  and  Seuer  Pipe. — As  a 
result  of  our  study  of  numerous  failures  of  drain  tile  and  sewer 
pipe,  together  with  six  years  experience  in  testing  pipe  in  the  Iowa 
Engineering  Experiment  Station,  we  have  devised  the  specifications 
for  standard  tests  given  below. 

These  specifications  have  been  adopted  as  standard  for  Iowa 
by  The  Iowa  Cement  Users'  Association,  The  Iowa  Brick  and 
Tile  Manufacturers'  Association,  The  Iowa  Drainage  Association, 
and  The  Iowa  Engineering  Society. 

IOWA  STANDARD  SPECIFICATIONS  FOR  DRAIN  TILE 
AND  SEWER  PIPE. 

Absorption  Tests. 

1.  Specimens. — The  specimens  shall  be  each  approximately 
three  inches  square,  and  shall  extend  the  full  thickness  of  the  pipe 
wall,  with  the  outer  skins  unbroken. 

2.  Number  of  Test  Specimens. — Five  individual  tests  shall 
constitute  a  standard  test,  the  average  of  the  five  and  the  result 
for  each  specimen  being  given  in  the  report  of  the  test. 

3.  Drying  Specimens. — Each  specimen  shall  be  dried  in  an 
oven,  or  by  other  application  of  artificial  heat,  until  it  ceases  to 
lose  further  appreciable  amounts  of  moisture  when  repeatedly 
weighed. 

4.  Brushing  Specimens. — All  surfaces  of  the  specimens  shall 
be  brushed  with  a  stiff  brush  before  weighing  the  first  time. 

5.  Weighing. — The  specimens  shall  be  weighed  immediately 
before  immersion,  on  a  balance  or  scales  capable  of  accurately 
indicating  the  weight  within  one- tenth  of  one  per  cent. 

6.  Water  for  Standard  Test. — The  water  employed  in  the  stand- 
ard absorption  test  shall  be  pure  soft  water,  at  the  air  temperature 
of  a  room  which  is  artificially  heated  in  cold  seasons  of  the  year. 

7.  Immersion  of  Specimens. — The  specimens  shall  be  com- 
pletely immersed  in  water  for  a  period  of  24  hours. 

8.  Re-Weighing. — Immediately  upon  being  removed  from  the 
water,  the  specimens  shall  be  dried  by  pressing  against  them  a 
soft  cloth  or  a  piece  of  blotting  paper.  There  shall  be  no  rubbing 
or  brushing  of  the  specimen.  The  re-weighing  shall  be  done  with 
a  balance  or  scales  capable  of  accurately  indicating  the  weight 
within  one-tenth  of  one  per  cent. 
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9,  Calculation  of  Result. — The  result  of  each  absorption  test 
shall  be  calculated  by  taking  the  difference  between  the  initial  dry 
weight  and  final  weight,  and  dividing  the  remainder  by  the  initial 
dry  weight. 

Bearing  Strength. 

1.  Specimens. — The  specimens  shall  be  unbroken,  full-sized 
samples  of  the  pipe  to  be  tested.  They  shall  be  carefully  selected 
so  as  to  represent  fairly  the  quality  of  the  pipe. 

2.  Number  of  Specimens. — Five  individual  tests  shall  con- 
stitute a  standard  test,  the  average  of  the  five  and  the  result  for 
each  specimen  being  given  in  the  report  of  the  test. 

3.  Drying. — The  specimens  shall  be  dried  by  keeping  them 
in  a  warm,  dry  room  for  a  period  of  at  least  2  days  prior  to  the 
test. 

4.  Weighing. — Each  dried  specimen  shall  be  weighed'  on 
reliable  scales  just  prior  to  the  test. 

5.  Bedding  of  Specimen  for  Test. — Each  specimen  shall  be 
accurately  marked,  with  pencil  or  crayon  lines,  in  quarters,  prior 
to  the  test.  Specimens  shall  be  carefully  bedded  above  and  below 
in  sand  for  the  one-fourth  circumference  of  the  pipe,  measured  on 
the  middle  line  of  the  tile  wall.  The  depth  of  bedding  above  and 
below  the  tile  at  the  thinnest  point  shall  be  equal  to  one-fourth  the 
diameter  of  the  pipe,  measured  between  the  middle  lines  of  the  tile 
walls. 

6.  Top  Bearing. — The  top  bearing  frame  shall  not  be  allowed 
to  come  in  contact  with  the  tile  or  with  the  test  load.  The  upper 
surface  of  the  sand  in  the  top  bearing  shall  be  carefully  struck 
level  with  a  straight  edge,  and  shall  be  carefully  covered  with  a 
heavy  rigid  top  bearing,  with  lower  surface  a  true  plane  made  of 
hcav7  timber  or  other  rigid  material  capable  of  uniformly  dis- 
tributing the  test  load  without  any  appreciable  bending.  The  test 
load  shall  Ikj  ap|)lied  at  the  exact  center  of  this  toj)  bearing  in  such 
a  way,  cither  by  the  use  of  a  spherical  bearing  or  by  the  use  of  two 
rollers  at  right  angles,  as  to  leave  the  bearing  free  to  move  in  both 
directions.  In  case  the  test  is  made  without  the  use  of  a  machine 
and  by  piling  on  weight,  the  weight  may  be  piled  directly  on 
a  platform  resting  on  the  toj)  bearing,  jjrovided,  however,  that 
the  weight  does  not  touch  the  top  frame  holding  the  sand,  and 
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provided,  further,  that  the  weight  is  piled  in  such  a  way  as  to  insure 
uniform  distribution  of  the  load  over  the  top  surface  of  the  sand. 

7.  Frames  for  Top  and  Bottom  Bearings. — The  frames  for  the 
top  and  bottom  bearings  shall  be  composed  of  timbers  so  heavy 
as  to  avoid  any  appreciable  bending  by  the  side  pressure  of  the 
sand.  The  frames  shall  be  dressed  on  their  interior  surfaces. 
No  frame  shall  come  in  contact  with  the  tile  during  the  test.  A 
strip  of  soft  cloth  may  be  attached  to  the  inside  of  the  upper  frame 
on  each  side  along  the  lower  edge,  to  prevent  the  escape  of  sand 
between  the  frame  and  tile. 

8.  Sand  in  Bearings. — The  sand  used  for  bedding  the  tile 
at  the  top  and  bottom  shall  be  washed  sand  which  has  passed  a 
No.  8  screen.  It  shall  be  dried  by  keeping  it  spread  out  thin  in  a 
warm  dry  room. 

9.  Application  of  Load. — The  test  load  shall  be  applied  gradu- 
ally, and  without  shock  or  disturbance  of  the  tile.  The  applica- 
tion of  the  load  shall  be  carried  on  continuously,  and  the  tile  shall 
not  be  allowed  to  stand  any  considerable  length  of  time  under  a 
load  smaller  than  the  breaking  load. 

10.  Calculation  of  the  Bearing  Load. — The  total  breaking  load 
shall  be  taken  as  equal  to  the  total  top  load,  including  the  weight 
of  top  frame,  sand  for  top  bearing,  top  bearing  timbers,  etc.,  plus 
five-eighths  of  the  weight  of  the  pipe.  This  total  load  shall  be 
divided  by  the  length  of  the  pipe  in  feet  so  as  to  give  the  bearing 
strength  per  linear  foot  of  pipe. 

Computing  the  Modulus  of  Rupture. 

The  modulus  of  rupture  for  drain  tile  and  sewer  pipe  shall  be 
computed  from  the  results  of  the  standard  test  for  bearing  strength, 
according  to  the  following  rule: 

Divide  the  bearing  strength  per  linear  foot  by  twelve,  multiply 
the  quotient  by  the  radius  of  the  middle  line  of  the  tile  wall  expressed 
in  inches,  and  divide  this  product  by  the  square  of  the  minimum 
thickness  of  the  tile  wall  at  top  or  bottom,  also  expressed  in  inches. 
This  quotient  will  be  the  modulus  of  rupture  of  the  pipe,  expressed 
in  pounds  per  square  inch. 

The  formulas  on  which  the  above  specifications  are  based  are 
derived,  in  the  usual  manner,  for  flexible  rings  subjected  to  uniform 
vertical  loads,  over  90°  of  the  circumference  above,  and  the  same 
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distance  below.  The  mathematical  details  of  the  derivation  will 
not  be  given.  Use  is  made  in  work  of  both  the  static  and  the 
elastic  equations  of  equilibrium. 

Discussion  of  Iowa  Standard  Bearing-Strength  Test. — The 
Iowa  Standard  Bearing-Strength  Test,  given  above,  was  developed 
to  reproduce  so  far  as  practicable  in  a  standard  laborator}-  test 
the  actual  conditions  under  which  pipe  generally  fail  in  actual 
use  in  the  ditch. 

\\'e  have  compared  the  bearing  strengths  developed  in  our 
laborator}'  with  the  actual  weights  of  filling  under  which  the  same 
or  similar  pipe  have  cracked  in  the  ditches,  and  have  found  the 
results  to  correspond  closely.  In  many  of  these  cases  the  height 
of  fill  was  small  in  proportion  to  the  breadth  of  the  ditch,  so  that 
the  uncertainty  in  the  field  loadings  was  small. 

The  ordinary  field  conditions  under  which  drain  tile  and  sewer 
pipe  crack  from  overloads  of  ditch  filling  are  about  as  follows : 

The  contractor  rounds  off  a  bearing  for  the  pipe  over  only  a 
portion  of  its  under  side.  The  ditch  filling  cannot  be  compacted 
on  the  remainder  of  the  under  side  of  the  pipe,  and  often  is  not  well 
tamped  at  the  sides.  Even  when  compacted  at  the  sides,  it  is 
still  so  compressible,  as  compared  with  the  rigidity  of  sewer  pipe, 
that  the  pipe  cracks  before  developing  much  side  resistance.*  As 
regards  the  top  pressure,  nearly  all  the  weight  is  carried  by  the 
pipe,  and  mostly  on  the  top  90°,  because,  first,  the  friction  against 
the  sides  of  the  ditch  reduces  the  side  pressure,  and,  second,  the 
comparatively  level  top  90°  of  the  pipe  furnishes  a  rigid  suj)port  as 
compared  with  the  sloping  sides  and  the  compressible  side  filling. 

Hence  the  specified  sand  bearing  of  90°  at  top  and  bottom 
comes  near  enough  to  actual  ditch  conditions,  and  at  the  same 
time  constitutes  a  simple  and  inex])ensive  method  of  testing. 

Results  of  Iowa  Standard  Tests. — In  Tables  I  and  II  we 
present  a  very  condensed  statement  to  give  some  idea  of  the 
results  of  alx)ut  700  Iowa  standard  tests  of  drain  tile  and  sewer 
pil>c.  Additional  tests  of  large  size  sewer  pi|)C  are  still  under 
way.  All  these  tests  will  be  published  in  detail  in  our  forthcoming 
bulletin. 


*  At  varitiut  poiaU  In  I<iwtt  rxlni  etn  ia  oompactina  the  flUing  tuw  foiled  to  pit!  vent 

crm<.kiti|f  wtikh  d<iveUir><»i  cturtn)/  t  nniitructiun. 
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Table  II. — Brief  Summary  of  Absorption  Tests  of  Drain  Tile 
AND  Sewer  Pipe — Iowa  Standard  Method. 


No.  of 
TeaU. 


1 

7 
38 
1 
5 
5 
46 
4 
5 
5 
2 
2 
1 
1 
1 
1 


No.  of 
Kinds. 


Diameter 

of  Tile, 

ins. 


Per  Cent,  of  Absorption. 


Minimum. 


Maximum. 


(a)  Tests  of  Cement  Drain  Tile. 


1 

4 

2 

8 

2 

6 

1 

7 

1 

8 

2 

10 

5 

12 

2 

14 

2 

18 

2 

20 

22 

26 

28 

30 

34 

3C 

6.8  — 
4.1  — 


9  1 
4.6 


8.9 
70—  9.5 
6.2—  8.8 
79—  11.2 
7.8— 10. 3 
7.2—    8.9 

6.0 

7.1 


7.4— 11.3 
74—  11.6 

ii!3 

7  9—  9.7 
10. 2—  13.5 
7.9—  13.8 
9.5—  10.3 
81—    96 

6.3 

82 


Average. 


7.7- 


5.9 
1  —  10. 3 
0—    7.5 

8.8 
10.6 

4—  9.6 
1  —  10. 7 
9—  12.8 

5—  10  3 


0.3 


(6)  Tests  or  Clat  Drain  Tile. 


4 

1 

5 

15.0 

18. 5 

10.3 

30 

3 

6 

2.6—  4.0 

7.3—  8.2 

4  8—  61 

2 

2 

8 

3.6—  19.0 

42 

2 

12 

2.4—  3.9 

7.6 

5.0—  5.8 

6 

1 

18 

4.1 

8.8 

5  5 

4 

1 

28 

4.8 

6  1 

54 

5 

1 

30 

3.4 

5.2 

4.3 

Examination  of  Table  I  may  indicate  a  sufficient  amount 
of  data  as  to  bearing  strength  of  the  tile  used  in  Iowa  to  permit, 
when  the  complete  data  are  studied  carefully,  the  adoption 
of  tentative  test  recjuirements  in  tile  specifications.  There  are 
not  }'et  sufficient  data  to  warrant  even  tentative  requirements  as 
to  absorj)tion  and  modulus  of  ruj)ture. 

Moduli  of  Rupture. — The  calculations  of  the  moduli  of  rup- 
ture gave  such  unexpectedly  high  results,  as  briefly  summarized 
in  Table  I ,  that  we  made  a  sj)ecial  series  of  tests  of  concrete  and 
clay  tile  beams,  cut  from  the  broken  pieces  of  the  tile  tested.  The 
results  agree  fairly  well  with  those  given  in  Table  I.  Of  course  the 
transverse  mcxiulusof  rupture  is  well  known  to  be  1.75  to  2  times 
as  great  for  concrete  beams  as  the  real  tensile  strength  of  the 
material.  Kven  with  this  allowance  some  of  the  values  in 
Table  I  and  in  our  corresi)onding  beam  tests  seem  so  high  as  to 
warrant  further  investigations*  of  the  cause.  We  have  had  one 
such  investigation  made  as  thesis  work,  but  without  conclusive 
results. 
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Other  Proposed  Standard  Tests. — A  number  of  other  methods 
of  making  bearing- strength  tests  of  drain  tile  and  sewer  pipe 
have  been  advocated  or  used.  Together  with  the  above  method, 
they  may  be  enumerated  as  follows: 

1.  Completely  surrounding  the  pipe  with  sand  in  a  very  strong 
box.  The  author  understands  that  this  method  was  in  use  for 
a  time  in  Brooklyn.  It  has  been  strongly  advocated  by  Blackmer 
and  Post  of  St.  Louis,  in  recent  correspondence,  and  they  have 
made  a  new  design  for  the  enclosing  box  and  the  bearings. 

2.  Bedding  the  pipe  on  sand  at  the  bottom,  while  applying  the 
top  load  to  a  narrow  bearing  strip.  The  author  would  designate 
this  the  Brooklyn  Method,  as  it  is  in  regular  use  by  the  sewerage 
engineers  of  that  city. 

3.  The  Iowa  Standard  Method,  already  described  herein, 
beds  the  pipe  in  sand  for  90°  at  the  top,  and  the  same  amount  at  the 
bottom. 

4.  In  the  so-called  Three  Point  Method,  the  pressure  is  applied 
along  a  single  narrow  bearing  strip  at  the  top,  while  the  pipe  is 
supported  at  the  bottom  on  two  similar  bearing  strips  placed 
parallel,  a  few  inches  apart.  This  method  has  been  developed  by 
Mr.  C.  W.  Boynton,  of  Chicago,  and  in  the  laboratory  of  Professor 
A.  N.  Talbot,  of  the  University  of  Illinois.  The  Iowa  Engineering 
Experiment  Station  has  made  quite  a  number  of  comparative  tests 
with  this  method. 

5.  In  the  method  of  Concentrated  Loadings,  the  top  load  would 
be  applied  to  a  narrow  bearing  strip,  as  in  Methods  2  and  4,  and 
the  bottom  of  the  pipe  would  be  supported  on  a  similar  bearing 
strip. 

All  five  of  the  methods  outlined  above,  and  any  others  which 
may  be  suggested,  should  be  referred  to  the  Society's  Committees 
on  Sewer  Pipe  and  Drain  Tile.  These  Committees  should  enlist 
the  active  cooperation  of  several  prominent  laboratories  and  of  the 
manufacturers  of  material,  and  institute  an  exhaustive  series  of 
comparative  tests  prior  to  adopting  a  single  standard  test.  Then 
an  extensive  series  of  standard  test  data  should  be  accumulated  to 
establish  satisfactor}'  strength  specifications  for  general  adoption. 

The  Testing  Machines. — If  the  adoption  of  standard  tests  of 
drain  tile  and  sewer  pipe  is  to  result  in  the  maximum  benefit  it 
must  be  possible  to  conduct  the  tests  readily,  accurately  and  inex- 
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pensively  in  ever)'  city  whether  large  or  small,  in  every  country 
where  public  drainage  work  is  in  progress,  and  in  every  manufac- 
tor}'  of  drain  tile  or  sewer  pipe. 

For  this  an  inexpensive  testing  machine  is  absolutely  necessary. 
In  Fig.  2  we  present  an  outline  of  a  home-made  testing  machine 


Side  View 


End  View 


Fig.  2. — Ames  Senior  Pipe  Testing  Machine, 
Engineering  Experiment  Station,  Iowa  State  Collie. 


of  io,ooo-lbs.  capacity,  capable  of  testing  the  largest  pipe,  and 
which  can  be  built  anywhere  for  less  than  twenty-live  dollars,  in 
addition  to  the  cost  of  a  platform  scale.  The  Iowa  Engineering 
Experiment  Station  makes  many  of  its  tests  on  the  machine  shown, 
and  will  send  detailed  blue-print  plans  to  any  one  who  will  build 
the  machine. 


DISCUSSION. 


Mr.   Mont   Schuyler. — A   method   for   determining   the  Mr.  Schuyier. 
direction  and  intensity  of  forces,  other  than  vertical,  which  ma}- 
be  exerted  upon  a  buried  pipe,  may  be  of  interest. 

The  pipe  section  in  Fig.  i{b)  is  to  be  surrounded  with  a 
number  of  "elements,"  one  of  which  is  shown.     This  element  is 


Fig.  I. 


composed  of  two  essentially  similar  blocks,  A  and  B,  made  of 
some  rigid  material.  Between  these  two  blocks  are  inserted 
three  rubber  tubes  filled  with  a  fluid.  If  the  pressures  are  high, 
the  tubes  may  be  stiffened  by  wrapping  with  wire.  Each 
tube  is  connected  with  a  manometer  of  small  bore.  Pressure 
exerted  upon  block  A  will  be  transmitted  to  block  B  through 
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Mr.  Schayier.  the  three  tubes,  distorting  or  flattening  the  tubes  and  forcing 
a  portion  of  the  contained  hquid  into  the  manometer.  As  may 
be  seen  from  the  figure,  tubes  (i)  and  (3)  will  transmit  only  that 
component  of  the  pressure  on  A  which  is  parallel  to  the  radius 
of  the  pipe,  while  tube  (2)  wll  transmit  only  the  tangential  com- 
ponent. Assuming  that  the  three  tubes  calibrate  similarly, 
and  that  the  force  arrows  drawn  through  their  centers  are  some 
function  of  their  several  manometer  readings,  we  can  readily 
compute  the  original  or  causative  force  due  to  the  earth  pressure, 
both  as  to  its  intensity  and  direction. 

The  same  scheme  should  also  be  applicable  to  the  solution 
of  the  problem  of  the  retaining  wall. 

Mr.  Meriwether.  Mr.  Coleman  Meriwether. — I  have  just  made  a  number 

of  tests  with  an  apparatus  very  similar  to  that  Mr.  Marston 
described,  using  a  saddle  of  90°  around  the  top  of  the  pipe  and 
with  the  bottom  imbedded  in  sand.  In  testing  large  pipe  the 
wide  saddle  required  a  great  load  to  break  the  pipe,  and  in  one 
instance  when  testing  a  60-in.  pipe,  the  bottom  flange  of  the 
15-in.  I-beam  lever  was  sheared.  I  think  it  would  be  much  better 
to  use  a  knife  edge  on  the  top  of  the  pipe  instead  of  the  wide 
saddle,  thereby  reducing  the  load  required  to  break  the  pipe. 
I  offer  this  merely  as  a  suggestion. 

Mr.  Talbot.  Mr.  A.  N,  Talbot. — I  have  been  much  interested  in  Mr. 

Marston's  tests  of  drain  tile  and  also  in  his  work  in  determining 
the  pressures  which  may  come  upon  drain  tile  in  the  ditch. 
It  seems  to  me  that  the  investigation  of  pressures  will  be  of  great 
value  in  providing  information  along  lines  on  which  little  is 
known.  As  to  the  method  of  testing  pipe,  I  may  say  that  fifteen 
years  or  more  ago  I  made  a  number  of  tests  of  sewer  pipe  for  the 
Department  of  Public  Works  of  the  City  of  Chicago.  Various 
sizes  of  pipe  were  used.  A  cushion  of  sand  was  used  both  above 
and  below,  the  cushion  extending  over  perhaps  one-fourth  of 
the  circumference  of  the  pipe.  This  seemed  quite  satisfactory, 
and  I  felt  that  there  was  an  advantage  in  having  a  sand  cushion. 
There  was  some  trouble  in  obtaining  a  properly  shaped  cushion 
for  the  diffi-rent  sizes  of  pipes.  I  believe  Mr.  Marston  has 
overcome  that  difliculty  very  well  in  the  machine  which  he  has 
designed.  In  the  .series  of  tests  of  cast-iron  pipe  and  reinforrcd- 
concretc  pi|)c  made  a  few  years  ago  at  the  University  of  Illinois, 
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the  pipes  were  imbedded  in  sand  on  all  sides,  with  some  lateral  Mr.  Talbot. 
restraint,  but  the  purpose  of  these  tests  was  not  only  to  determine 
the  strength  of  the  pipe  but  to  find  the  action  of  the  pipe  under 
such  conditions.     The  tests  gave  the  information  sought,  and 
the  method  used  was  satisfactory  for  the  purpose. 

For  a  standard  method  of  making  tests,  it  strikes  me  that 
we  should,  if  necessary,  differentiate  between  tests  of  the  pipe 
itself  and  tests  to  determine  the  action  of  a  pipe  under  the 
load  which  comes  upon  it  in  a  trench.  It  may  be  that  we 
can  find  a  method  of  testing  the  pipe  itself  that  will  combine 
these;  but  it  is  not  certain  that  such  will  be  the  case.  It 
may  be  better  to  have  a  standard  test  for  the  pipe,  and  then  to 
make  separate  tests  to  determine  the  pressures  that  will  come 
upon  the  pipe  in  the  trench  and  the  strength  of  the  pipe  to  resist 
them. 

In  the  concentrated-load  test  referred  to  by  Mr.  Marston, 
we  have  used  double  supports  at  the  bottom  a  short  distance 
apart,  say  2  ins.  or  so,  and  a  single  support  or  line  of  loading 
at  the  top.  The  double  support  at  the  bottom  is  for  convenience; 
the  pipe  may  be  rolled  into  place  and  held  without  further  sup- 
port. The  difference  in  bending  moment  between  a  double 
support  at  the  bottom  and  a  single  support  may  be  shown 
analytically  to  be  very  small.  If  necessary,  an  allowance  can, 
of  course,  be- made  for  that  difference.  In  general  I  should  say 
that  that  would  not  be  necessary. 

A  portable  testing  machine  was  designed  for  our  laboratory 
by  Mr.  Abrams.  It  was  gotten  up  for  the  purpose  of  having 
a  simple  machine  that  could  be  carried  right  into  the  field  along 
the  ditch  in  the  event  of  concrete  pipe  being  made  along  the 
ditch.  A  simple  framework  of  wood  was  built;  a  lever  having 
10  to  I  leverage  extends  out  from  this  framework,  and  a  load  of 
cast-iron  blocks  or  sand  or  other  material  may  be  gradually 
applied  to  the  lever  until  the  pipe  breaks.  The  load  may  then 
be  weighed  and  the  strength  of  the  pipe  thus  determined.  An 
advantage  of  the  concentrated-load  test,  it  seems  to  me,  hes 
in  the  fact  that  the  conditions  can  be  directly  duplicated  with 
other  pipe,  and  we  can  then  determine  the  modulus  of  rupture 
by  calculation  through  the  known  analytical  bending  moment, 
and  thus  make  satisfactory  comparisons. 
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Mr.  Talbot.  I  have  myself  been  afraid  that  in  the  test  where  the  pipe 

is  bedded,  there  may  be  diflferences  in  bedding  the  pipe  from  time 
to  time  and  possibly  from  person  to  person,  and  that  these  dif- 
ferences would  make  comparisons  somewhat  uncertain.  That, 
however,  is  a  question  to  be  determined  by  experimental  tests. 
What  is  wanted,  it  seems  to  me,  is  to  have  a  simple,  portable 
machine,  a  test  which  may  be  easily  made  by  an  unskilled  opera- 
tor in  the  field;  something  that  will  enable  the  drainage  district 
to  determine  whether  the  pipe  is  strong  enough  for  the  purpose 
and  whether  it  comes  up  to  specifications. 

Mr.  Boynton.  Mr.   C.  W.   Boynton. — I  have  watched   Mr.   Marston's 

work  with  a  great  deal  of  interest,  and  certainly  he  deserves  credit 
for  the  attention  he  has  given  a  subject  which  has  been  largely 
ignored  by  other  investigators.  I  am  inclined  to  believe,  how- 
ever, that  a  test  for  drain  tile  which  approximates  ditch  con- 
ditions is  not  the  best.  I  agree  with  Mr.  Talbot  in  his  opinion 
that  the  method  which  will  be  found  best  suited  for  tile  testing 
will  be  one  which  will  require  only  apparatus  that  is  readily 
portable.  A  test  which  will  approximate  ditch  conditions 
will  necessarily  confine  the  testing  to  laboratories  where  station- 
ary equipment  can  be  installed.  I  am  of  the  opinion  that  the 
thing  needed  is  a  standard  apparatus  and  test  which  can  become 
a  part  of  every  drainage  engineer's  equipment  and  can  be  put 
into  every  tile  plant  in  the  country.  The  equipment  must  be 
inexpensive,  simple  and  rapid  in  operation. 

With  these  ideas  in  mind  I  have  developed  a  device  which 
consists  of  a  frame  carrying  a  screw  which  is  operated  through 
gears  by  a  hand  wheel,  the  specimen  being  placed  between  a 
horizontal  member  carried  by  the  lower  end  of  the  screw,  and  a 
chair  resting  on  a  platform  scale  which  is  sui)portcd  by  the  lower 
cross-pieces  of  the  frame  carrying  the  screw.  The  tile  is  supported 
in  the  chair  by  two  half-rounds  spaced  2  ins.  on  centers.  The 
pres.surc  is  applied  to  the  tile  through  the  bearing  piece,  which 
is  also  faced  with  a  half-round.  These  half-rouiuls  are  of  soft 
w<HxJ  measuring  i  in.  on  the  flat  side.  After  the  tile  is  placed 
in  the  chair,  and  before  the  upi)er  bearing  piece  is  brougiit 
in  contact  with  it,  the  scale  beam  is  balanced.  Upon  the  end 
of  the  beam  is  placed  a  bucket  which  is  gradually  loaded  with 
water  drawn  by  gravity  from  another  vessel  supported  on  llu- 
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frame.     The  load  is  applied  through  the  hand  wheel  by  the  oper-  Mr.  Boynton. 
ator  who  at  the  same  time  controls  the  flow  of  water  into  the 
bucket  on  the  scale  beam. 

At  first  I  was  of  the  opinion  that  the  tile  should  be  carried 
at  the  60°  point  in  a  chair  which  would  permit  of  adjustment 
to  suit  the  size  of  the  tile,  but  I  met  with  two  difficulties:  first, 
the  danger  of  the  adjustment  not  being  carefully  made  for  the 
various  sizes  and  the  time  required  for  making  the  adjustment; 
and  second,  to  support  the  larger  tile  at  the  60°  point  increased 
the  load  required  to  crush  them,  which  would  necessitate  a 
heavier  and  therefore  less  portable  outfit.  I  would  prefer  to 
load  the  tile  along  a  single  element,  both  top  and  bottom,  but 
as  it  is  difficult  to  hold  them  in  the  machine  when  so  loaded  I 
selected  the  support  above  described,  believing  that  the  advan- 
tage of  having  an  arrangement  which  would  automatically 
center  all  tile  regardless  of  the  size  was  of  more  importance  than 
having  the  load  applied  at  identically  the  same  point  on  all  sizes 
of  tile.  The  test  can  be  appHed  uniformly  by  an  operator  with 
little  experience  and  will  be  comparable  in  every  instance  regard- 
less of  the  size  of  the  test  pieces. 

Mr.  Edward  Orton,  Jr. — I  have  been  very  much  inter-  Mr.  Orton. 
ested  in  Mr.  Marston's  paper,  especially  in  what  he  said  in  regard 
to  the  absorption  test  as  a  mode  of  disclosing  the  value  of  this 
product.  It  is  rather  a  sore  point  with  clay  workers  who  are 
manufacturing  drain  tiles,  that  such  severe  requirements  are 
laid  upon  their  product  in  this  respect  in  some  quarters,  when 
cement  tiles  are  accepted  in  the  same  market  with  no  similar 
requirements  being  made.  A  prominent  clay  worker  told  me 
at  this  meeting  that  this  situation  has  become  somewhat  acute 
in  his  district,  and  that  the  engineer  expected  him  to  furnish 
a  product  which  would  show  an  absorption  of  not  more  than  1.5 
per  cent.,  whereas  the  cement  drain  tiles  with  which  he  was  com- 
peting had  an  absorption  something  like  6,  8  or  10  per  cent. 
If  a  clay  worker  were  permitted  to  furnish  his  material  with  an 
absorption  of  6  or  8  per  cent.,  it  would  mean  the  use  of  less 
fuel,  the  production  of  smaller  quantities  of  distorted  pipe,  by 
reason  of  the  lower  maximum  temperatures  in  burning,  and  less 
loss  in  the  cooling.  In  short,  his  product  would  be  less  costly. 
The  engineers,  having  been  accustomed  to  using  hard-burned 
54 
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Mr.  Orton.  pipe,  are  very  reluctant  to  accept  any  other  than  what  they 
think  is  the  best  that  the  clay  can  make,  but  when  hxing  the 
requirements  for  cement  pipes,  they  do  not  apply  the  same  test, 
or  at  least  not  with  the  same  severity.  This  the  clay  workers 
do  not  think  just  and  equitable. 

Whether  the  absorption  test  is  equally  significant  as  an 
index  of  quality  in  clay  wares  and  cement  wares  is  a  question 
yet  to  be  settled.  It  has  usually  been  construed  as  of  impor- 
tance in  judging  of  the  ability  of  clay  wares  to  stand  frost, 
and  it  would  presumably  be  of  importance  for  the  same  purpose 
in  the  case  of  cement  wares.  But  in  the  case  of  clay  wares,  at 
least,  the  absorption  test  has  been  very  greatly  over-valued  as 
a  mode  of  comparing  different  products,  or  products  made  from 
different  clays,  and  it  can  only  be  considered  a  gage  of  frost 
insecurity  in  the  roughest  way,  and  where  the  percentages  are 
large.  In  the  case  of  wares  made  from  the  same  clay  and  burned 
to  various  degrees  of  hardness,  the  absorption  percentage  does 
constitute  a  reliable  index  of  the  changes  going  on  in  the  vitri- 
fication process,  and  also  of  the  physical  quality  of  the  product. 
In  any  individual  clay,  the  absorption  will  start  with  a  compara- 
tively high  figure,  which  will  decrease  rapidly  as  the  temperature 
rises,  until  a  certain  minimum  is  obtained,  after  which  the  clay 
will  tend  to  become  more  absorbent  again,  due  to  the  develop- 
ment of  gas  cavities  in  the  vitrifying  mass.  These  cavities  are 
usually  penetrable  by  water  or  fluids  when  the  mass  is  submerged; 
so  that  the  absorption  curve,  which  at  first  tends  to  drop  to  a 
minimum,  afterwards  rises  again.  This  minimum  point  is  sup- 
posed to  be  the  point  of  greatest  density,  the  greatest  strength 
and  greatest  frost  resistance. 

If  the  absorption  test  is  used  as  a  mode  of  determining  the 
best  drain  tile  which  can  be  made  from  a  given  clay,  I  regard 
it  as  a  very  excellent  mode  of  study,  but  it  docs  not  at  all  follow 
that  the  best  point  of  turning  in  any  one  clay  will  show  the  same 
fXTcentage  of  absorption  as  the  iK'st  point  in  some  other  clay, 
iK'cause  the  degree  of  vitrification,  the  nature  and  kind  of  vitrifi- 
cation, and  the  nature  of  the  bodies  that  two  different  clays  are 
capable  of  prcKJucing,  are  (|uite  distiiut  and  separate.  I  have 
become  somewhat  unwilling,  therefore,  to  see  the  absorption 
test  set  up  as  a  rigid  standard  for  clay  products;  because  wherever 
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the  line  is  drawn,  there  will  be  clays  whose  physical  qualities  Mr.  Orton. 
may  be  perhaps  satisfactory  as  to  the  product  in  question,  yet 
whose  percentage  of  absorption  will  fall  either  above  or  below 
the  .line  assumed  as  standard. 

Mr.  Boynton. — I  should  like  to  ask  Mr.  Marston  what  Mr,  Boynton. 
percentage  of  the  weight  of  earth  in  the  ditch  he  assumes  to  be 
carried  by  the  pipe? 

Mr.  a.  Marston. — The  percentage  varies  with  the  depth,  Mr-  Marston. 
being  less  for  deep  ditches.  In  some  cases  where  we  have 
made  comparisons  there  is  very  little  uncertainty,  as  the  depths 
of  fill  were  small.  Let  me  cite  a  case,  for  example,  which 
Mr.  Boynton  will  recall  as  having  occurred  in  Sac  County, 
Iowa,  with  36-in.  drain  tile.  The  ditch  was  4  ft.  wide,  and  the 
height  of  fill  approximately  5  ft.  The  weight  of  the  earth 
coming  on  the  pipe  could  be  measured  with  very  little  uncer- 
tainty, because  the  proportion  between  the  height  and  the 
breadth  of  the  fill  in  so  shallow  a  ditch  is  httle  over  unity.  In 
a  deeper  ditch  there  would  be  more  chance  for  difference  of 
opinion  as  to  the  weight. 

Mr.  G.  T.  Hammond. — I  should  like   to  ask   Mr.  Mars-  Mr.  Hammond 
ton  what  allowance,  if  any,  he  makes  in  his  pipe  tests  for  the 
effect  of  the  bell  end  of  the  pipe? 

Mr.  Marston. — In  the  tests,  as  we  make  them,  the  entire  Mr,  Marston. 
length  of  the  pipe  is  subjected  to  pressure,  including  the  bell. 
The  weights  are  reduced  to  pounds  per  linear  foot  by  dividing 
the  weights  by  the  entire  length  of  the  pipe. 

Mr.  Hammond.— In  all  pipe  crushing  tests  of  which  I  Mr.  Hammond 
have  information,  the  effect  of  the  bell  on  the  result  of  the  test 
is  an  unknown  quantity.  The  bell  is  subject  to  more  variation 
in  thickness  of  wall,  depth  and  strength  than  the  barrel  of  the 
pipe.  This  variation  may  not.  greatly  affect  the  value  of  the 
pipe  as  laid  in  a  sewer,  but  it  may  cause  considerable  variation 
in  the  crushing  tests. 

In  Brooklyn,  we  have  been  testing  vitrified  pipe,  as  well  as 
concrete  pipe,  for  a  period  of  about  six  years.  Our  tests  have 
been  made  on  pipe  ranging  in  size  from  6  to  42  ins.  in  diameter 
in  vitrified,  and  from  6  to  24  ins.  in  concrete  tile.  We  have  also 
tested  reinforced  concrete  pipe  up  to  48  ins.  in  diameter. 

Our  first  testing  machine,  as  designed  by  Mr,  E.  J.  Fort, 
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Mr.  Hammond.  Chief  Engineer  of  the  Sewer  Bureau,  consisted  of  a  long  lever 
of  timber  passing  through  rigidly  placed  uprights  of  timber  and 
fastened  at  one  end,  so  as  to  act  like  a  nut-cracker,  as  shown  in 
Fig.  2.  A  fulcrum  was  provided,  which  applied  the  crushing  load 
through  a  steel  roller  to  a  movable  cover  on  the  testing  box. 
The  pipe  tested  was  imbedded  in  dry  sand  contained  in  a 
strongly  braced,  iron-bound  box,  the  ends  of  which  were  remov- 
able, and  provided  with  apertures  of  the  size  of  the  bell-end  and 
of  the  spigot-end  of  the  various  pipes.  When  the  pipe  was  in 
place,  its  interior  could  be  seen  constantly.  Pressure  was 
applied  by  means  of  an  iron  bucket  of  about  one  cubic  yard 


Fig.  2. 


capacity,  hung  on  the  outer  end  of  the  lever,  which  was  slowly 
filled  with  water  during  the  test  by  means  of  a  hose  from  a  city 
main.  The  pressure  exerted  at  the  fulcrum  was  indicated  in 
pounds  on  a  scale  placed  in  the  bucket,  which  showed  the  dtplh 
of  water  and  pressure.  'i1ic  water  had,  for  the  most  part,  to 
be  wasted  between  tests,  and  this  was  a  disadvantage.  P^ach  of 
the  tests  re(|uircd  a  comparatively  long  time;  otherwise  the 
machine  was  satisfactory. 

Since  1907  wc  have  had  a  well-equipped  testing  laboratory, 
provided  with  a  Riehl6  crushing  machine,  shown  in  Fig.  3, 
capable  of  taking  a  48-in.  pipe,  and  of  exerting  a  maximum 
pressure  of  75,000  lbs.     The  principal  purpose  of  our  tests  is  to 
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establish  and  maintain  a  standard  quality  of  pipe  for  our  contract  Mr.  Hammon( 

work,  and  as  we  lay  about  thirty  or  forty  miles  of  this  per  year, 

the  tests  have  to  be  quickly  and  readily  applied,  in  order  that 

the  work  of  laying  the  sewers  may  not  be  delayed  by  the  tests. 

The  effect  of  the  plant  has  been  to  greatly  improve  the  quality 

of  pipe  supplied  to  us. 

The  knife-edge  crushing  test,  as  employed  by  us,  seems  to 
answer  our  requirements  admirably,  and  to  give  excellent  com- 
parative results.  In  this  test  the  pipe  is  not  imbedded  in  sand 
and  we  believe  that  the  effect  of  the  bell  on  the  result  is  reduced 


Fig. 


to  a  minimum.  Our  results  seem  to  indicate  that  imbedding 
the  pipe,  bell  and  all,  increases  the  effect  of  the  bell  to  a  maximum, 
disturbing  the  result  of  the  test  to  an  appreciable  extent,  and  to 
an  extent  which  cannot  be  readily  ascertained.  The  bell  adds 
to  the  strength  of  the  bell-end  of  a  pipe  exposed  to  a  crushing 
load,  and  the  effect  will  vary  with  the  length  of  the  barrel  of  the 
pipe  and  also  with  the  various  conditions  involved  in  the  test. 
The  effect  is  greatest  on  short  lengths  of  pipe;  thus,  a  24-in. 
length  of  pipe  with  a  bell  will  give  a  higher  crushing  load  per 
foot  than  will  a  36-in.  length  with  a  bell,  the  barrel  portion  of 
which  is  of  equally  strong  material.    Again,  a  pipe  without  a  bell 
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Mr.  Hammond,  will  break  under  a  lower  crushing  load  than  a  pipe  of  the  same 
size  of  no  better  and  no  stronger  material,  provided  with  a  bell. 
The  greater  tlie  number  of  bell  joints  in  a  given  length  of  sewer 
the  stronger  will  be  its  resistance  to  crushing  from  the  load  of 
covering.  Numerous  joints  are  a  disadvantage  in  a  sewer 
for  many  important  reasons,  and  as  few  as  possible  should  be 
placed.  It  seems  obvious  that  in  testing  pipe  the  strength  of 
the  barrel  should  be  ascertained  with  as  little  interference  from 
the  bells  as  practicable. 

In  our  crushing  tests  we  apply  the  crushing  load,  through  a 
strip  I  in.  wide,  to  the  length  of  the  barrel  of  the  pipe,  exclud- 
ing the  bell-end.  This  strip,  or  knife  edge,  as  we  call  it,  is  ap- 
proximated to  the  pipe  surface  with  plaster  of  Paris,  which 
is  placed  on  the  surface  of  the  pipe  between  two  wooden  strips, 
into  which  the  "knife"  fits,  and  into  which  it  is  put  while  the 
plaster  is  soft;  after  the  plaster  has  set,  the  strips  are  removed 
from  the  pipe  and  any  excess  is  scraped  off.  The  pipe  for  testing 
is  bedded  upon  sand,  carefully  prepared.  The  reaction  of  the 
pipe  under  test  appears  to  be  developed  over  about  10°  of  the 
cylinder  resting  in  this  prepared  bed  of  sand.  The*  bell  is  not 
imbedded.  We  have  used  a  double  knife  edge,  one  edge  above 
and  one  below  the  pipe,  and  we  have  also  tried  a  double  support 
under  the  pipe  barrel.  There  is,  of  course,  some  variation  in 
the  results  obtained  by  these  different  methods,  but  this  variation 
is  not  of  sufficient  importance  to  be  taken  into  account  for  our 
purpose,  which  is  to  make  a  standard  comparative  test. 

In  our  opinion,  it  would  undoubtedly  be  better  to  use  a 
knife  edge  on  both  top  and  bottom  of  the  pipe,  not  only  because 
it  produces  greater  uniformity  in  the  test,  but  also  because  the 
unit  strength  of  the  material  can  be  more  easily  and  exactly 
determined  from  the  test.  It  is  our  purpose  to  make  this  change 
eventually  in  our  method  of  testing. 

Mr.  wig,  Mr.  R.  J.  Wig. — In  regard  to  the  absorjjtion  test  as  a 

determination  of  the  quality  of  concrete,  T  would  say  we  have 
made  a  great  number  of  absorption  tests,  and  have  found  that 
the  absorption  of  the  concrete  is  as  much  dependent  upon  the 
character  and  grading  of  the  aggregate  as  upon  the  quantity 
of  cement  used. 
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Mr.  Meriwether. — I  should  like  to  say  a  word  about  Mr.  Meriwether 
absorption.  Mr.  Rankin,  the  engineer  in  charge  of  the  Newark 
sewers,  made  some  tests  about  a  year  and  a  half  or  two  years 
ago  on  absorption  and  abrasion  of  material  for  sewer  inverts. 
I  was  present  at  a  number  of  these  tests.  After  he  made  the 
absorption  tests  he  made  abrasion  tests  on  the  same  samples,  and 
the  results  of  the  abrasion  tests  followed  almost  directly  those 
of  the  absorption  tests.  In  comparing  the  clay  samples  with 
the  concrete  samples,  the  clay  samples  which  absorbed  about  2 
per  cent,  did  not  show  as  good  results  in  abrasion  as  the  concrete 
samples  which  absorbed  about  6  per  cent.  I  think  it  would  be 
unfair,  therefore,  to  judge  the  abrasion  of  the  two  materials 
according  to  the  degree  of  absorption.  In  other  words,  the 
concrete  pipe  may  absorb  more  moisture  than  the  clay  pipe  and 
still  resist  abrasion  better. 

Mr.  Wig. — The  resistance  to  abrasion  would  be  a  function  Mr.  Wig. 
of  the  aggregate  in  two  concretes  made  in  the  same  proportion. 
If  the  grading  of  the  aggregates  were  the  same,  the  absorption 
of  the  two  concretes  might  be  identical  and  yet  if  one  were 
made  with  a  soft  limestone  and  the  other  with  a  hard  limestone 
or  granite  their  abrasive  qualities  would  be  very  different. 


THE  FRITZ  ENGINEERING  LABORATORY  OF 
LEHIGH  UNIVERSITY. 

By  F.  p.  McKibben. 

The  Fritz  Engineering  Laborator}'  has  been  presented  to 
Lehigh  University  by  Mr.  John  Fritz,  of  Bethlehem,  Pa.,  to  enable 
the  students  of  that  institution  to  study  experimentally  various 
problems  connected  with  the  materials  of  construction  and  hydrau- 
lics. There  are  four  main  sections  in  the  Laboratory,  as  follows: 
(i)  a  general  testing  section  including  the  testing  machinerj'  and 
a  small  machine  shop;  (2)  a  room  for  testing  cement;  (3)  a  room 
for  making  and  storing  concrete  specimens,  such  as  beams  and 
cylinders;  and  (4)  a  hydraulic  section. 

The  Building. 

The  laboratory  building  is  of  the  steel  mill-building  type, 
91  ft.  wide  and  114  ft.  long,  with  a  main  center  aisle  between  two 
side  aisles  of  less  height  and  less  width.  The  steel  frame  carries 
the  roof  and  traveling  crane  only,  the  side  and  end  brick  walls  being 
carried  on  independent  foundations.  The  problem  to  be  solved 
in  i)lanning  the  building  was  to  secure  a  structure  of  sufficient  height 
to  accommodate  a  vertical  screw  testing  machine  capable  of  taking 
a  specimen  24  ft.  long,  to  secure  at  least  two  levels  for  the  hydraulic 
laborator}',  and  to  ha\e  concrete  and  cement  rooms,  which  while 
in  close  proximity  to  the  main  testing  room,  could  be  se])arateil 
therefrom  at  any  time  in  order  to  prevent  dust  from  passing  into  the 
main  room.  At  the  best,  cement  and  concrete  laboratories  are 
dusty  and  should  not  be  placed  where  there  are  testing  mac  hines. 

As  ami)lc  light  is  of  prime  importance  in  a  testing  laborator}*, 
numerous  windows  are  jjrovided  in  the  side  walls,  end  walls  and 
in  the  clerestory,  and  a  skylight  9  ft.  wide  and  84  ft.  long  is  placed 
in  the  north  roof  over  the  main  aisle.  Steel  frames  with  movable 
sections  are  provided  for  all  side-  and  end-wall  windows.  The 
main  aisle  is  49  ft.  2  ins.  center  to  center  of  crane  columns,  and 
has  a  clear  height  of  40  ft.  which  allows  the  traveling  crane  to  pass 
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over  the  8oo,ooo-lb.  testing  machine.  This  width  affords  sufficient 
clearances  at  the  sides  of  the  large  testing  machine,  which  stands 
practically  in  the  center  of  the  building.  A  less  width  for  this 
vertical  machine  is  not  advisable.  In  fact,  the  larger  the  propor- 
tion of  area  commanded  by  the  traveling  crane  the  better,  but  if 
side  aisles  are  used  they  should  be  at  least  20  ft.  wide.  The  sec- 
tion set  apart  in  the  east  end  of  the  building  for  the  hydraulic 
laboratory  occupies,  in  addition  to  a  depressed  area  39  ft.  by 
54  ft.  (10  ft.  below  the  main  floor  level),  an  elevated  platform 
of  the  same  area  10  ft.  above  that  level. 

Sufficient  floor  area  has  been  provided  for  additional  equip- 
ment, such  as  a  road-materials  laboratory',  a  large  torsion  machine, 
and  an  impact  machine;  and  after  these  have  been  installed  there 
will  be  ample  room  for  future  growth.  Table  I  shows  the  floor 
areas  of  the  various  sections. 

Table  I. — Floor  Areas  of  Sections  in  Fritz  Laboratory. 
General 
Section.  Testing.  Cement'.  Concrete.  Hydraulic.  Office.  Total. 

Floor  Areas,  sq.  ft.  .     6,772  840  1,320  4,212  250    13,394 

Clear  Height,  ft 40  and  20         12  9.5         20  and  20        12 

The  General  Testing  Section. 

This  division  contains  all  testing  machines  except  the  briquette 
machines,  which  are  in  the  cement  section.  It  is  so  arranged  that 
classes  can  be  divided  into  small  groups  of  three  or  four  students 
each,  and  each  group  can  be  provided  with  a  machine  with  which  to 
conduct  tests.  Occupying  the  western  portion  of  the  main  aisle, 
which  is  served  by  the  crane  and  which  is  connected  to  the  exterior 
by  a  doorway  10  ft.  wide,  this  general  testing  section  is  well  arranged 
to  facilitate  the  handling  of  large  or  heavy  test  specimens.  For 
example,  wagons  carrying  steel  or  concrete  beams  or  columns  to 
be  tested  are  drawn  into  the  building  through  the  large  doorway 
and  their  loads  removed  by  the  traveling  crane.  This  crane  has 
a  span  of  47  ft.  2  ins.  center  to  center  of  runway  beams,  is  operated 
by  three  direct-current  motors,  and  has  a  safe  capacity  of  10  tons. 
In  planning  a  laboratory  in  which  tests  on  large  specimens  are  to 
be  made,  it  is  ver}'  important  that  rapidity  and  ease  of  handling 
receive  proper  consideration,  and  a  traveling  crane  is  of  the  greatest 
importance. 
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Equipment  of  General  Testing  Section. 

Table  II  shows  this  equipment  so  far  as  the  machines  are  con- 
cerned and  there  are,  of  course,  a  great  many  accessories  which 
need  not  be  mentioned  here. 

The  800,000-lb.  machine  is  of  the  two-screw  Aertical  t}pe 
capable  of  testing  a  column  of  24  ft.,  a  tension  specimen  of  corres- 
ponding length,  or  a  transverse  specimen  10  ft.  long  or  less.  The 
clear  distance  between  the  screws  is  35  ins.  Although  the  weigh- 
ing table  is  only  10  ft.  6  ins.  long,  it  is  possible  to  test  beams  up  to 


Table  II. — Testing  Machines  in  General  Testing  Section, 
Fritz  Laboratory. 


Tjrpe  of  Machine. 


Univeraal. 


Capacity, 
lbs. 


800,000 
300,000 
100.000 
50,000 
50,000 
50,000 
50,000 
50,000 
20,000 
20.000 


Tenaion  and  Compression . 

Wire  Tester 

Cold  Bend 1.5-inch  diam- 
eter bar 
Torsion 24,000* 


Speeds, 
ins.  per  min. 


Max. 
8 
3 
<4 
3 
3 
3 
8 
8 


Min. 

0.05 

0.021 

0.04 

0.38t 

0.38 

0.38 

0.06 

0.06 


Nominal 

Horse-power 

of  Motor. 


20 

7.5 

3 

2 

2 

2 

2 

2 
Hand-power 
Hand-power 


Hand-power 


Speed  of 
Motor, 

r.  p.  m. 


1,120 
1,120 
1.700 
1,120 
1,120 
1.120 
1,120 
1,120 


1,700 


25  or  30  ft.  in  length  by  using  extension  girders  on  the  weighing 
table.  By  means  of  standard  weights  this  machine  has  been  found 
to  be  sensitive  to  50  lbs., — that  is,  50  lbs.  produces  an  initial  move- 
ment of  the  scale  beam  at  a  load  of  20,000  lbs.  or  of  800,000  lbs., — 
and  by  means  of  i)roving  levers  its  accuracy  uj)  to  20,000  lbs.  has 
been  found  to  be  within  its  range  of  sensitiveness. 

The  300,000-Ib.  machine  is  very  sensitive  and  accurate,  and 
its  slow  speed  makes  it  useful  for  general  testing.  The  extension 
arms  on  the  weighing  table  are  21  ft.  long,  so  that  a  beam  up  to 
practically  this  length  can  be  easily  tested  under  a  load  not  oxcoed- 
ing  300,000  lbs.    The  top  surface  of  the  weighing  table  and  exten- 
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sions  is  2  ft.  above  the  main  floor  and  this  height  has  proved  satis- 
factory. At  first  thought  it  might  appear  desirable  to  have  the 
machine  lower,  with  the  extensions  and  weighing  table  below  the 
floor  level,  so  that  when  not  in  use  the  extensions  could  be  covered 
with  steel  plates  or  other  removable  flooring;  but  this  arrangement 
would  necessitate  working  in  a  pit  when  the  machine  is  in  use,  and 
on  the  whole  the  position  here  adopted  for  the  machine  is  the  best 
possible. 


Fig.  I. — Main  Floor  Plan,  Fritz  Laboratory. 

The  smaller  universal  machines  are  used  not  only  for  ordinary 
tension,  compression,  and  shearing  tests,  but  also  for  transverse 
tests  by  placing  the  test  specimens  on  Bethlehem  "H"  sections 
laid  on  the  weighing  tables,  the  "H"  sections  thus  serving  as  exten- 
sions to  the  weighing  tables.  In  this  manner  the  problem  of  giving 
transverse  tests  to  several  small  sections  of  students  simuhaneously 
is  solved  without  having  special  transverse  machines. 

The  repair  shop  equipment  consists  of  one  drill  press,  one 
high-speed  lathe,  two  metal  turning  lathes,  one  milling  machine, 
one  shaper,  one  circular  saw,  one  power  hack-saw  and  one  grinder. 
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All  of  these  machines  are  belt  driven,  the  power  being  furnished 
by  a  7.5-H.P.  motor. 

Electric  Equipment, 

All  electricity  for  lighting  the  building  and  for  driving  the 
testing  machines  is  2-phase,  60-cycle,  alternating  current  at  no 
and  220  volts  respectively,  and  is  supplied  from  the  University 
power  station.  Direct  current,  obtained  from  a  local  company, 
is  used  for  the  traveling  crane  and  for  this  purpose  is  to  be  preferred 


Fio.  2. — General  Testing  Room,  Fritz  Laboratory. 

to  alternating  current,  and,  except  for  the  tendency  to  si)ark,  is 
better  for  testing  machines  because  of  better  speed -control.  How- 
ever, if  the  gearing  on  the  machines  is  pro|)crly  arranged  to  provide 
for  a  very  slow  sj)ced  of  say  0.05  in.  per  minute,  a  raj)i(l  sj)co(i  of 
8  ins.  per  minute,  and  at  least  one  intermediate  slow  speed,  the 
alternating  current  is  i)erfcctly  satisfactory  for  onh'nary  universal 
machines  and  in  the  present  instance  was  the  only  kind  ol)tainable 
from  the  University  .station  without  the  use  of  a  rotary-con\trUT. 
To  drive  centrifugal  pumps  for  a  hydraulic-laboratory  water 
supply,  direct  current  is  much  to  be  preferred  and,  although  a 
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variable-speed  induction  motor  can  be  obtained,  yet  the  possible 
variations  in  speed  are  limited  to  such  a  narrow  range  as  to  pre- 
vent that  nicety  of  speed-control  obtainable  with  a  direct-current 
motor.  With  proper  gearing,  therefore,  either  alternating  or  direct 
current  can  be  used  for  ordinary  testing  machines,  but  direct 
current  should  be  used  for  hydraulic  laboratories  and  for  certain 


Fig.  3. — General  Testing  Section,  Fritz  Laboratory,  showing 
20-ft.  column  m  800,000-lb.  machine. 


classes  of  testing  machines.  The  motors  of  20-H.P.,  7.5-H.P.,  and 
7.5-H.P.,  for  driving  the  800,000-lb.  machine,  the  300,000-lb. 
machine,  and  the  tools  in  the  repair  shop,  respectively,  are  furnished 
with  auto-starters.  The  motors  for  the  hydraulic  section  have  not 
yet  been  installed,  but  will  be  of  the  variable  speed  alternating- 
current  type. 
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The  Cement  and  Concrete  Sections. 

The  cement  testing  section  occupies  a  separate  room  on  the 
main  floor  le\el  and  is  so  planned  that  twelve  students  can  work  at 
one  time.  The  equipment  of  this  section  consists  of  well-arranged 
tables  for  making  cement  specimens,  the  ordinary  storage  tanks, 
briquette  testing  machines,  and  all  apparatus  necessary  for  making 
standard  cement  tests. 

All  concrete  specimens  such  as  beams,  cubes,  and  cylinders 
are  prepared  in  the  concrete  room,  which  covers  not  only  the  entire 
area  under  the  cement  room  but  also  extends  beyond  this  area  and 
underneath  a  portion  of  the  main  testing  room  to  which  it  is  con- 
nected by  a  large  hatchway  through  which  the  heavy  concrete 
specimens  such  as  beams  can  be  hoisted  into  the  main  testing  room 
with  the  aid  of  the  traveling  crane.  The  equipment  in  the  concrete 
section  consists  of  a  mixer,  the  necessary  bins  for  sand  and  stone, 
and  molds  for  beams,  cyluiders  and  cubes. 

An  important  feature  in  a  cement  and  concrete  laboratory 
is  a  proper  drainage  system  arranged  to  prevent  pipes  from  becom- 
ing obstructed  by  cement  or  sand.  This  problem  has  been  solved 
by  placing  under  the  concrete  room  a  large  concrete  sump  irUo 
which  all  drainage  must  flow  and  in  which  there  is  a  partition  or 
weir  over  which  the  water  passes;  the  sand,  cement,  or  other  matter 
is  caught  in  the  sump,  from  which  it  is  easily  removed.  This 
arrangement  is  satisfactory. 

The  hydraulic  section  is  now  being  equipped. 

This  laboratory  has  been  built  and  equipped  under  the  per- 
sonal supervision  of  Mr.  Fritz,  by  Mr.  G.  A.  Chandler,  Associate 
Professor  L.  D.  Conkling,  Mr.  S.  H.  Ingberg,  and  the  writer,  and 
is  a  part  of  the  Civil  Engineering  Department  of  the  University. 
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Report  of  Committee  C-4,  153. 
Coal  (lee  also  Fuel). 

Standard  Specifications  for  — .     Report  of  Committee  D-5,  250. 
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Carnegie  Technical  Schools,  Pittsburgh,  Pa.,  November  30,  1910, 

lOI. 

Committee  A-6  on  the  Magnetic  Testing  of  Iron  and  Steel,  108. 
Committee  A-7  on  the  Tempering  and  Testing  of    Steel  Springs  and 
Standard  Specifications  for  Spring  Steel,  115. 
Sub-Committee  on  Tests,  117, 
Committee  B-i   on  Standard  Specifications  for  Hard-Drawn   Copper 

Wire,  132. 
Committee  B-2  on  Non-Ferrous  Metals  and  Alloys,  139, 
Committee  C-3  on  Standard  Specifications  for  Paving  and   Building 

Brick,  152. 
Committee  C-4  on  Standard  Specifications  and  Tests  for   Clay  and 

Cement  Sewer  Pipes,  153. 
Committee  D-i  on  Preservative  Coatings  for  Structural  Materials,  173. 
Discussion,  230. 
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See  Oils. 
Ductility. 

—  in  Rail  Steel.     P.  H.  Dudley,  454. 

Elastic  Properties. 

A  Study  of  the  —  of  a  Series  of  Iron-Carbon  Alloys.     C.  R.  Jones  and 
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See  Cinder. 
Forest  Service. 
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Hard-Drawn  Copper  Wire. 

Standard  Specifications  for  —  .     Report  of  Committee  B-i,  132. 
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A  Study  of  the  Elastic  Properties  of  a  Series  of  — .     C.  R.  Jones  and 
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Definition  of  Terms  used  in  —  Specifications.     Report  of  Sub-Committee 

F  of  Committee  D-i,  223. 
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PreMirative  Coatings  (sec  also  Paint). 

—  for  Structural  Materials.     Report  of  Committee  D-i,  173.      Dis- 
cussion, 230. 
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See  Specifications. 
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